


MARCH ¢ 1960 


In this issue: 


@ Fine-Pitch Gear Trains 
@ Powder Metallurgy 


@ Transformer Insulation 
System 


@ Reduced-Voltage 
Starting 








whatever you need in geared power... 
whatever the speed...whatever the 
horsepower...specify 


U.S. Syncrogear..now wit 


gears honed to super finish! 


Again U.S. introduces a new first in gearmotor design: Gears 
honed to super finish for quiet, smooth running and longer life. 
A long succession of Syncrogear innovations by U.S. during the last 


TYPE GW ~ . : 
mioettaank We OEAR 25 years have been widely adopted. Through-hardening of gears... 


TB TO?HP. the solid-shank pinion ...the sturdy ‘pyramidal’ base... micro- 
shaving of gears...solid cast one-piece case ...“crowned” helical 
gear teeth of elliptoidal design . . . all these add years of trouble-free 
operation to Syncrogear life. To assure precision, U.S. makes its 


own gears. For more information on U.S. Sy ncrogear features, send 





for free color brochures: Syncrogear Bulletin No. F-1880, Right- 
Angle Worm-Gear Syncrogear Bulletin No. F-1650, or Shaftmount 


Syncrogear Bulletin No. F-1994. 
U.S. ELECTRICAL MOTORS INC. gS 


P.O. Box 2058 « Los Angeles 54, California, or Milford, Connecticut 
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Extra small, single row 
ball bearings with 
shields are capable of 
resisting combined radial 
and thrust loads. They 
offer accurate position- 
ing of small shafts 
requiring bearing bore 
diameters from 4 to 9mm. 


Photo: Courtesy Westinghouse Electric Corp. 


Vaocuulm Cleaner Noror Nonufocfurer 


Curs Unit Cost 21¢ With IN&=» 


CUSTOMER PROBLEM: 


Cut vacuum cleaner motor production costs, 
yet maintain present high efficiency. 


SOLUTION: 


N/D Sales Engineer suggested design modifi- 
cation using smaller ball bearings . . . New 
Departure high volume prelubricated, shielded 
bearings. Extensive testing in New Departure’s 
laboratories proved that these smaller pre- 
cision bearings, along with maintaining high 


Bearing Design! 


APSE 


efficiency, improved quality and provided 
quiet motor operation. The bearings accounted 
for a 21c per motor savings in vital part costs. 
What’s more, they gave accurate, long life 
positioning of rotor shaft under all load 
conditions and mounting positions. 


When it’s a question of maintenance-free high 
volume ball bearings for electric motors. . . and 
perhaps a cut in production cost, contact New 
Departure Division, General Motors Corpo- 
ration, Bristol, Connecticut. 


Replacement ball bearings are available through United Motors System and its Authorized Bearing Distributors. 
hae 
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proved reliability you can build around 
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MOTOR USER'S CASE HISTORY 


“We've used © 
BODINE MOTORS 
for 38 years 


p29 


.. HEDMAN COMPANY 


Barrymore was breaking records on Broadway with 101 per- 

formances of Hamlet. That was in 1922 . . and we’ve been using 
Bodine Motors ever since. Why? Because we need motors that are small in 
size, sturdily constructed, long lasting, trouble free, and quiet. And they 
have to supply the necessary high torque needed. Over the years we have 
found that Bodine Motors have consistently met these requirements. And, 
there’s another important thing in favor of Bodine: Their engineering staff 
has always been extremely important in helping us with our motor problems.”’ 


. . C. W. Johnson, vice-president, Hedman Company 


Here’s Hedman’s latest application 
of a Bodine Motor! 


This is a Keypunch Protector. It 
consists of a Hedman Royal Key- 
board Check Protector with a 
built-in IBM code key punch 
mechanism. As shown in the 
photo to the right, it automati- 
cally punches the correct amount 
into tab card checks, receipts, 
and register copies at the same 
time it imprints the amount. 
Hedman engineers selected the 
Bodine type VCF-12 motor be- 
cause they need a small, quiet 
motor that will last a long time 
and give trouble-free service. 


Bulletin tells story of late model business machine motor. 

Here's the story of Bodine's latest model business ma- 

chine motor. . the FSE-23. It's only 26” high . . weighs need ee 
only 1 pound 11 ounces. .and delivers plenty of power. 

It fits into minimum space because it's rectangular in M ti a ee io a 
shape. Ask for your copy of Technical Bulletin #1034. 

Bodine Electric Company, 2506 West Bradley Place, the power behind the leading products 
Chicago 18, Illinois. 
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THE NEW BONDEZE° WIRE 


FOR SELF-SUPPORTING 


COILS...PHELPS DODGE 


| Bondeze 


A self-bonding wire—now 
with rmproved and added properties! 


Improved in three important ways: 
Extra resistance of underlying film to 
temperature-pressure ‘‘cut-thru.’’ Reduces shorts. 
Crazing negligible when solvent bonded. 


Underlying film gives better thermal life. 


..and with this newly added property: 
Easy solderability . . . solders or dip-tins at 
low temperatures without cleaning or stripping. 
No damage to copper conductor. 


Phelps Dodge S-Y Bondeze® magnet wire bonds 
turn to turn with a single application of heat or 
solvent. This important property, combined with 
improved thermal characteristics and easy 
solderability, opens a new and wider range of 
applications for self-supporting coils or bobbin-less 
coils and windings. 

Any time your problem is magnet wire, consult 
Phelps Dodge for the quickest, surest answer! 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 
OR. 7-0-5 .620 ul 
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In This issue 


Drives Your Classification: 
Electrical 

Motors 
Integral Horsepower 


Reduced-Voltage Starting for 
Squirrel-Cage Motors 


\ discussion of the various types of reduced-voltage starting 
techniques which may be applied to squirrel-cage motors to 
achieve gradual starting torque and avoid line disturbances 
Included are resistance-type starters, reactors, autotransformers, 
and part winding, 


D. Fitzpatrick, Allen-Bradley Co., Milwaukee, Wis. 


Electrical Manufacturing 


1960 March p 72 8 pp 


Basic Science and Engineering 


Your Classification: 
Physics 


Infrared — Fundamentals and 
Techniques 


\n exposition of the theory involved in the use in engineering 
of that portion of the spectrum known as infrared. The various 
laws and principles which govern its behavior are discussed, 
Effect of infrared radiation on various materials and the 


materials and devices used in infrared techniques are de- 
scribed 


|.. J. Neuringer, Raytheon Manufacturing Co., Waltham, Mass. 
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Design Considerations Your Classification: 


Unified Physical Design for 
System Reliability 


Common-component and process standardization is only one of 
many advantages of system-based physical design for equip- 
ment development, An_ interceptor weapon-control system 
serves as an example for describing the concept of overall 
design unification. 


D. K. Richardson, Hughes Aircraft Co., Culver City, Calif, 


1960 March p 148 2'2 pp 
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Materials, Electrical / Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


Transformer Insulation for 
Extreme Environments 


Transformers and inductors for service under extreme environ- 
ments (500 C temperature and nuclear radiation) impose 
stringent requirements on their electrical insulation systems. 
This report reviews results of Air Force and Bureau of Ships 
R & D contracts and cites typical data. 


Alex. E. Javitz, Special Features Editor, ELtecrricaAL MAnt 
FACTURING, 
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Motors Your Classification: 
Fractional Horsepower 


“Details’’ Guide Small Motor Selection 


Overall dimensions and power output are of basic concern in 
motor selection, but choice between various alternative details 
of motor construction and performance is essential in drive 
design. Examples of fan-motor mechanical and_ electrical 
factors are discussed. 


J. Smaxwell, General Electric Co. 
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Components, Electrical / Electronic 


Your Classification: 
Magnetic Components 


Electromagnet Coil Design Charts 


Using AWG wire size as the basic parameter, useful and time- 
saving coil design charts also minimize the error hazard in 
repetitive routine computations. The data presented here in 
graphic form apply to layer-wound coils and, within certain 
limits, to random windings. Derivations and examples of use 
are included. 


J. J. Vitola, Wheelock Signals, Inc., Long Branch, N, J. 
Electrical Manufacturing 
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¢ Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


W Reprints available—see pages 194 and 204 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on postcard at end of book. 


Your Classification: 
Case Histories 
Components, Electrical /Electronic 
Magnetic Components 


RMS-Sensing Regulator Designed 
For Reliability 


The design of a line-voltage regulator to use rugged and 
reliable rms voltage error sensors such as thermistors and 
incandescent lamps, which exhibit relatively low sensitivity, is 
presented. Included is the detailed design procedure for the 
key component, a saturable reactor. 


G. Schohan, U. S. Naval Ordnance Laboratory, White Oak, 
Silver Spring, Md. 


Electrical Manufacturing 


1960 March p 87 6 pp 


Components, Electrical/Electronic Your Classification: 


Magnetic Components 


Specifying Dynamic Characteristics 
Of Magnetic Amplifiers 


A discussion of the theory involved in the proper use of the 
Proposed Standard Test Codes for Magnetic Amplifiers of the 
AIEE. In some cases, specification of dynamic performance 
can be limited to frequency-response curves or maximum re- 
sponse time, In others a family of response curves must be 
drawn using a variable parameter which is a function of 
internal and external impedances. 


H. C. Trueblood, Ramo-Wooldridge, Los Angeles, Calif. 
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Your Classification: 
Fractional-Horsepower 
Components, Mechanical /Structural 
Springs 


Brush Length-Spring Length Proportion 
For Small Electrical Machines 


Reliable information on brush material and pressures is avail- 
able from brush manufacturers, In an actual design, the 
desired pressure over the life of the brush can be obtained 
only by considering both brush and spring. A rational method 
is presented for determining brush-to-spring-length proportions. 


W. E. Springer, Robbins & Myers, Inc., Springfield, Ohio. 
Electrical Manufacturing 


1960 March p 160 1'2 pp 
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Components, Mechanical/Structural 
Gears and Pinions 


Your Classification: 


%  Fine-Pitch Gear Trains 


Gear quality classifications, center-distance considerations and 
backlash problems are discussed with respect to fine-pitch gear 
applications in electromechanical computers, servo-positioning 
feedback systems, instruments and radars, and in line with 
current and projected AGMA standards. 


Frederick T. Gutmann, ITT Laboratories, Nutley, N. J. 


Electrical Manufacturing 1960 March p 93 7 pp 


-_—9 eee ee ee ee oe 


Materials, Mechanical /Structural Your Classification: 


Metals 


Powder Metallurgy Parts — 
Their Advantages in Design 


A definitive exposition of the advantages of powder metallurgy 
techniques in design of electrical and electronic components. 
Specific case histories illustrate design experience with these 
compacted materials. Properties and other design parameters 
are explored and illustrated by charts and photographs. 


H. E. Barkan, Associate Editor, EvectricAL MANUFACTURING. 


Electrical Manufacturing 1960 March p 139 9 pp 


COMING UP... 


Presented in the Basic Science & Engineering Series for 
the month of April will be a comprehensive treatment of: 
Logic—and Switching Circuits. Other articles will cover 


Distributed R-C Networks, Transistor Reliability, Magnet 
Wire for Extreme Environments (number two in a series), 


400-cps Magnetic Amplifier Control Systems, Dry Circuit 
Testing, Servo Valve Standards, Part II of the Staff Report 
on the recent Magnetics Conference, and another in the 


Metals Series—Copper. 





Specify the Finest Digital Voltmeter Made 


NLS SERIES 20 ®& @ , 


WHEN THE COMBINATION OF RELIABILITY, SPEED AND ACCURACY is of uncompromising 
importance — you can’t afford to gamble on “second best” digital measuring equipment! NLS Series 20 
instruments are field-proven in the most critical applications — missile and electronic systems checkout, 
automatic process monitoring, sophisticated laboratory research. Be sure—specify NLS Series 20, the 
instruments selected by major missile manufacturers after thousands of hours of competitive life testing. 
Features: M24 measures DC voltage, voltage ratio or resistance in a third of a second, V24 measures DC voltage and voltage ratio at same 
speed .. . both instruments feature advanced transistorized circuitry and mercury-wetted relays with life in excess of 3 billion readings... 
+one digit accuracy on DC voltage and voltage ratio . . . completely automatic operation . . . plug-in modular construction ... AC or low 


level measurements with plug-in accessories . . . output connectors for continuous data logging. Ranges: DC voltage +.0001 to +999.9; DC 
voltage ratio to +.9999; resistance .1 ohm to 1 megohm, M24, complete: $5,650.00. V24, complete: $4,950.00. Write today for complete data, 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
The Digital Voltmeter That Works And Works And Works! 
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Edited by Avex. E. Javitz, Special Features Editor 


Research Highlights—Annual Meeting of the 
American Physical Society 


THE VITALITY AND CONTINUING EXPAN- 
SION of the field of physics (theoretical 
and experimental) were amply demon- 
strated at the Twenty-Ninth Annual 


> Color Space Platform 


At one of the sessions of the American 
Association of Physics Teachers, Prof. 
Isay Balinkin, University of Cincinnati, 
demonstrated a “Color Space Plat- 
form,” a classroom device designed to 
teach certain fundamental concepts of 
color in physics courses. Essentially, 
this device makes it possible to build 
up a space representation of colors in 
the well-known cylindrical coordinate 
system of Munsell (see diagram). It 
serves to emphasize that color is a 
three-dimensional phenomenon. The 
demonstrated device appears to have a 
practical use not only in the classroom 
but also as a laboratory tool in the 
study of color problems. 

e The color space platform is as- 
sembled by arranging some 30 colored 


> Metals (Radiation Damage) 


Studies of the mechanisms of radiation 
damage in solids have been made by 
the use of digital computer techniques 
by a group of physicists from the 
Brookhaven National Laboratory (J. B. 
Gibson, A. N. Goland, M. Milgram and 
G. H. Vineyard). 

The techniques employ the IBM 704 
computer to calculate the movements 
of individual atoms in a crystal after 
one atom (the “knock-on”) has been 
struck by a bombarding particle. The 
calculations require knowledge only of 
the forces that atoms exert on one an- 
other and the laws of mechanics. They 
produce detailed information on where 
each atom goes, and thus show how an 
initially perfect arrangement of atoms 
on a crystal lattice is made imperfect, 
or disordered. The technique can be 
described as “mathematical micro- 
scopy.” 

In the calculations performed, the 
atomic model is representive of crystal- 
line copper and deals explicitly with 
about 500 atoms in a region one ten- 
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Meeting of the American Physical 
Society, held in New York, January 
27-30. A near record-breaking total of 
119 contributed papers was presented 


ping-pong balls on thin rods in rela- 
tion to their hue, lightness and satura- 
tion (the three attributes of color). 
Two holes are drilled in each ball so 
that it can slide along a rod. The balls 
are first located on the rods according 
to their “lightness.” Neutral balls are 
positioned on the first rod with the 
black at the bottom, white on top and 
grays in between. This rod is then set 
up in the center of the platform. All 
other balls are now placed on other 
rods so that the lighter the ball, the 
greater is its height above the platform. 
Then, the balls of different hues are 
arranged in circles around the neutral 
axis. Finally, changes in saturation are 
accorded their proper radial positions, 
the deeper the saturation, the farther 


millionth of an inch wide inside a 
copper crystal. The following abstracts 
describe the application of the com- 
puter program to solution of three 
problem areas: 


®@ Solution of Many-Body Problems on 
Digital Computers. The program allows 
for any number of bodies up to 1000 
and for arbitrary force laws. Input 
is a set of initial particle positions and 
velocities, the force law, and various 
boundary forces. Integration is done 
by a central finite difference approxi- 
mation with an arbitrary time step. 
With 500 bodies, one step takes 1 min 
of computer time; typical runs require 
50 to 250 time steps. A cathode-ray 
tube can be used to display the particle 
orbits, and kinetic and potential energy 
are calculated. Configurations of static 
equilibrium are found automatically as 
asymptotes. It is anticipated that by 
recoding, the speed can be increased 
fourfold and the particle capacity can 
be doubled. By taking advantage of 


at 36 sessions. In addition, some 90 
shorter “post-deadline” papers reported 
on recent experimental work believed 
to be of “very special significance.” 
The program was, as usual, rounded 
out by a complement of distinguished 
invited papers. Several selected papers 
are summarized here: 


away from the axis. The resulting 
three-dimensional array constitutes a 


a7 ” 
color space. 


Scale of 
lightness 


This schematic of the Munsell Color Sys- 
tem shows the three-dimensional attri- 
butes of color: hue, lightness, saturation. 


all symmetries, the particle capacity 
in some runs can be made even much 
larger. The techniques and subroutines 
developed here are applicable to prob- 
lems in statistical mechanics for sys- 
tems with short range forces. 


@ Focusing Collisions in the Radiation 
Damage of Copper. The effects of a 
knock-on atom in copper with kinetic 
energy of 25 ev or somewhat above 
were studied. Focusing collisions in 
<110> crystal directions were consist- 
ently Focusing collisions 
were also observed to occur in <100> 
directions. The latter type of focusing 
had not been predicted; it results from 
interactions with atoms in adjacent 
lines, and is more rapidly damped than 
the <110> type. The range of collision 
chains in <110> lines was investigated 
by starting knock-ons in <110> at 
energies up to 400 ev. Energy loss per 
collision appears to be about 2/3 ev, 
indicating typical ranges of several 
hundred Angstroms. Below 25. ev, 


observed. 
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Research 
Horizons 


energy (but not matter) propagates in 
the chain. At somewhat higher ener- 
gies, the pulse assumes the character 
of a dynamic crowdion* and produces 
an interstitial*® at its end. 


® Configuration of the Vacancy and 
the Interstitial in Copper. Systems of 80 
unit cells containing a defect in par- 
tially relaxed configuration were set 
up and given small initial velocities to 
eliminate symmetry. Because of damp- 
ing, stable positions of atoms are 
eventually reached. Relaxations around 
a vacancy have been determined 
eight shells of “neighbor” 
vacancies. Near neighbors relax inward 
5 per cent, second (and some 


through 


about 


* An interstitial atom is one that occupies an inter- 
stitial position; that is, the atom is wedged in 
between the regular lattice sites in the crystal. A 
crowdion defect is produced in a lattice structure 
when an atom is forced into an interstitial positior 


> Thermoelectric Conversion 


Experimental work in thermoelectric 
conversion in cesium cells was reported 
by Werner B. Teutsch, General Atomics 
Division of General Dynamics Corpora- 
tion. A vapor of cesium metal, added 
in a small amount to the cell, performs 
three functions which greatly enhance 
(1) the 
vapor steps up the rate at which the 
electrons are emitted; (2) it reduces 
the energy loss at the collector surface; 


the direct conversion process: 


> Quantum-Mechanical Tunneling 


A three-paper symposium on this sub- 
ject placed emphasis on the tunnel or 
Esaki diodes as physical systems rather 
than as engineering components. A re- 
view of the current state of knowledge 
of “tunneling” physics was presented 
by P. J. Price, 1.B.M. Corporation. In 


References in 
ELECTRICAL MANUFACTURING: 


Radiation Effects in Metals: “Effects of 
Radiation Environment on _ Structural 
Metals,” A. Boltax, June 1958, p 125. 


Tunnel Diodes: “The Esaki ‘Tunnel’ 
Diode,” Robert A. Pucel, February 1960, 
p 72. 


Thermoelectricity: “Thermoelectric Ef- 
fects,” Robert P. Benedict, February 1960, 
p 103. 


Colorimetry: “Fundamental Approach to 
Color in Design,” I. A. Balinkin, October 
1950, p 104 and November 1950, p 106. 
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higher) neighbors move slightly out- 
ward. Results can be roughly fitted to 
the displacement field of a point sin- 
gularity in a cubic elastic continuum. 
Contraction is about 0.4 atomic vol- 
umes. The isolated interstitial is not 
stable at the cube center in the model, 
but in a configuration in which a lattice 
site is shared symmetrically with an- 
other atom, the pair having axis along 
<100> and separation 85 per cent of 
normal near-neighbor distance. Forma- 
tion energy is roughly 3 ev. A neigh- 
boring vacancy seems to stabilize the 
interstitial’s cube-center configuration. 

eIn a paper dealing with “Influ- 
ence of Imperfections in the produc- 
tion and Recovery of Radiation Dam- 
age in Copper.” R. M. Walker and J. 
W. Corbett. General Electric Research 
Laboratory, reported on studies made 
with copper samples of differing im- 
perfection content. Extent of damage 
was investigated at temperatures of 
20 K and 80 K and the recovery was 
followed to 400 K. The samples con- 
sisted of a zone-refined “pure” speci- 
men, a non-zone-refined “impure” speci- 


and (3) most important of all, it be- 
comes an ionized gas or plasma which 
neutralizes the electron space charge 
in the region between the emitter and 
the collector, thereby causing the cur- 
rent to pass through much more readily. 

The calculations described in this 
paper show that, in a large range of 
operating conditions, the electrons 
travel from the emitter to the collector 
without colliding with the cesium. This 


in Solids 


the second paper, A. G. Chynoweth, 
Bell Telephone Laboratories, reported 
on measurements on thin junctions in 
crystals of silicon, germanium, and 
indium antimonide. These measure- 
ments confirmed the  field-emission 
theories that predict how the strength 
of the tunneling current should depend 
on the strength of the applied field. 
It was pointed out that only recently 
have junctions been made sufficiently 
thin to make such measurements feasi- 
ble. 

e Further verification of the field- 
emission theories is provided by chang- 
ing the temperature at which measure- 
ments are made. Temperature studies 
show that in germanium and indium 
antimonide, the relationship between 
tunneling current and temperature can 
be explained almost entirely by the 
known temperature variation of the 
energy required to free an electron. In 
silicon, however, the field alone is not 
able to free the electrons. It is neces- 
sary to take into account the heat vi- 


men, and a highly cold-worked speci- 
men. The radiation damage production 
rate at 20 K was the same within 5 
per cent for all samples. However, ai 
80 K the production curves were founa 
to differ radically. The pure sample 
shows the least damage. In the re- 
covery, stage I (20 K to 80 K) was 
suppressed for both the cold-worked 
and impure samples. During stage II 
(80 K to 250 K) little recovery was ob- 
served in the pure and cold-worked 
samples. In the impure sample, how- 
ever, 40 per cent of the recovery above 
80 K occurred by 170 K. This is in- 
terpreted as the release of trapped 
interstitials. All samples show a marked 
stage IIT (250 K to 350 K) recovery. 
In both the pure and impure samples 
essentially complete recovery is 
achieved by 350 K. In the cold-worked 
sample the net resistivity left after 
stage III is less than that prior to 
irradiation. These results demonstrate 
the importance of trace imperfections 
in damage experiments (particularly 
those in which the temperature permits 
migration during bombardment). 


fact makes possible a simple mathe- 
matical description of the cesium cell. 

The cesium cell has been found to 
produce an alternating current in addi- 
tion to a d-c output. Under certain 
ranges of cell operation a pure direct 
current is observed; under other ranges 
a sizable a-c signal of about 100 kc is 
obtained. This alternating current can 
be understood in terms of the motion 
of ionized cesium in the cell. 


bration of the atoms. The theory that 
the tunneling process is assisted by 
crystal lattice vibration has been re- 
cently developed by Russian physicists. 
The studies reported here appear to 
verify this theory. 

e In the third paper of the sym- 
posium, R. N. Hall, General Electric 
Research Laboratory. dealt with the 
results of measurements of the elec- 
trical properties of tunnel diodes at 
cryogenic temperatures. Considerable 
information was produced regarding 
the properties of various semiconductor 
materials and the tunneling process it- 
self. The author emphasized that al- 
though tunnel diodes are relatively 
simple in structure, the laws that gov- 
ern the passage of an electron from 
one side of the junction to the other 
involve a number of “subtle features” 
that are still poorly understood at 
present. 

One aspect of the problem is that 
tunnel diodes must be made from crys- 
tals that contain much larger concen- 
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trations of donor and acceptor impuri- 
ties than are used in constructing tran- 
sistors and rectifiers. Little is known 
of the behavior of such heavily doped 
crystals, partly because of the lack of 


Research Note» 


IN CERTAIN infrared systems, the type of 
information and the accuracy with which 
it is obtained depend on both the con- 
figuration of a reticle and the precision 
with which it 1s fabricated. The reticle is 
used in the focal plane of an optical system 
and is rotated to chop the target image for 
the desired space filtering. It is also em- 
ployed in time filtering, such as _pulse- 
length discrimination or pulse-bandwidth 
filtering. 

e For studies on space-filtering tech- 
niques, engineers at Ramo-Wooldridge have 
investigated a wide variety of reticle con- 
figurations (Fig. 1). In system development 
work it has been necessary to fabricate 
many of these different configurations for 
use in systems both in the laboratory and 
in the field. In order to have various experi- 
mental reticles readily available, a process 
for making them was developed. The prin- 
ciple requirement of the reticles is that 
they be sturdy enough mechanically to 
withstand high rotational speeds with no 
distortion to impair their function as opti- 
cal elements. 

e The initial step in fabricating a metal 
reticle with a precision pattern is to make 
an enlarged drawing (Fig. 2). The use of 
a high-quality ink on glass cloth gives mini- 
mum pattern deviation. Master drawings 
are made at 10 times size, or larger, on 
K & E Stabiline glass tracing cloth. Under- 
cutting in the etching process must be 
anticipated and allowed for in drawing the 
master. For example, in the case of an 
involute reticle with spokes, the spokes are 
drawn 0.010 in. oversize with the space 
between the spokes 0.010 undersize, which 
allows, when reduced, for 0.001 in. under- 
cut. 

e@ Photographic reduction of the master 
to final size on the metal requires several 
steps, each calling for great care in the 
maintaining of critical dimensions. First a 
plate is made with attention being paid 
only to pattern resolution; size is secondary. 
This plate is used to make a positive con- 
tact print. Kodalith plates 0.060 in. thick 
are used because of their high resolution. 


Research Note 


Ha 


significant experimental information, 
and partly because of the difficulty of 
theoretical analysis. Nevertheless, such 
impure semiconductors are becoming 
increasingly important for a number of 


Etched Reticles for Infrared Systems 


applications today, and studies of the 
properties of tunnel diodes have greatly 
increased our knowledge of the rules 
that govern the behavior of electrons 
and phonons in these materials. 


Fig. 1—Examples of etched-metal reticles which are made in a variety of sizes and 
configurations for use with different infrared systems. 


An exact-size master is then made from the 
positive. The next step is to transfer the 
pattern to both sides of the metal to be 
etched. Precise and exact alignment of the 
pattern on both sides of the metal is a 
critical point. This is done by a procedure 
for which a patent is pending. First the 
master is printed on a direct positive plate 
which is cemented to one side of a special 
alignment jig. A duplicate, unexposed, di- 
rect positive plate is fixed in the other half 
of the jig and the two halves are then 
pinned together. The pattern is duplicated 
on the second plate by exposing it through 
the first and then developing it while it is 
still in the jig. 

e@ Of the several metals available and 
adequate for meeting the mechanical re- 
quirements of the finished reticle, half-hard 
beryllium copper has proved to be the most 
satisfactory for the chemical etching proc- 
ess. A flat piece of stock 0.010 in. thick, 
slightly larger than the finished reticle 
size, is thoroughly cleaned and coated on 
both sides with a photosensitive resist and 
placed between the direct positive plates 
in the jig. Exposure of both sides of the 
jig gives an exactly aligned pattern on 
both sides of the metal. 


Fig. 2—First step in making a reticle with 
specified pattern is preparation of large- 
scale master drawing to provide precise 
control of dimensions. 


e After exposure, the metal is developed. 
Etching is done in a circulating, constant- 
temperature solution of ferric chloride. 
Total etching time is approximately 20 min 
for 0.010-in. material. —J.R. R. 


He enneneerennnnNe 


Single-Crystal Ferrite of Uniform Composition 


TECHNICAL APPLICATIONS of single-crystal 
ferrites (with the possible exception of 
ferrimagnetic parametric amplifiers) have 
not as yet been realized. It was expected 
that the intrinsic properties of these ma- 
terials could best be studied by using 
single-crystal material of a high order of 
crystal perfection and chemical purity. Fer- 
rite crystals grown by the flame-fusion 
process generally possess two shortcom- 
ings: gross crystal defects due to extreme 
stresses set up by thermal gradients, and 
an appreciable content of ferrous iron. The 
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former defect results in cracks and bubbles 
which obscure the intrinsic properties of 
the material, while the ferrous iron leads 
to increased electrical conductivity. 


e In a research program sponsored by 
Air Force Cambridge Research Center at 
ITT Laboratories, solution of these prob- 
lems has been sought by improved crystal 
growing techniques, based in part upon the 
flame-fusion process. 


e Since the origin of the physical defects 
was believed to be due to the extreme tem- 


perature gradients normally found in the 
flame-fusion process, some means of reduc- 
ing these gradients were sought, and it 
was decided that this might be done by en- 
closing the growing crystal within an r-f 
induction-heating coil. This technique is 
effective only if electrical losses can be 
induced in the crystal, a condition which 
is met by ferrites at elevated temperatures. 
Attempts to induce heating in ferrite crys- 
tals by means of conventional induction 
heaters (which operate at about 500 kilo- 
cycles) were disappointing, but it was 
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found that, as the frequency of the gener 


ator was increased, heating became more 
eflective. Thus the growing crystal is main 
tained at temperatures just below its melt 


ing point and annealing is done in a con 


| R-F induction crystal grower. 


Research Note 


APPROXIMATELY 20 years ago Dr. Vannevar 
Bush proposed a system for the automatic 
retrieval of documented material by storing 
3>-mm microfilm. More 
undertook — the 


redesign of the machine to meet its own 


the material on 
recently, Yale University 


specialized requirements in document 
search. Subsequently the Patent Office and 
the Navy’s Bureau of Ships asked the 
National Bureau of Standards to study the 
machine to see how it could be further 
changed to meet their needs. T. C. Bragg 
of the Bureau’s data-processing systems 
laboratory led the development work which 
consisted of modifying the optical and 
mechanical systems and redesigning the 
electronic circuitry using modern comput 
ing-machine practice. 

@ The resulting machine, known as the 
Rapid Selector, examines about 2400 pages 
per min and, when the desired document 
has been found, photographs it on a strip 
of recopy film. When a document is re 
corded on the master film, a binary dot 
code is printed beside it to identify it. A 
single code frame is about 4 in. long and 
as wide as the film and contains 6 rows of 
16 bits each; 40 bits are for document in- 
formation and 6 are for machine control. 
The mechanism that reads these rows of 
bits has sufficient tolerance to allow for 
normal dimensional changes in the film and 
slight skew in rows. 

e@ As the master film passes through the 
machine (see figure), its image is projected 
onto a bank of photocells which scan the 
code. When a desired item is found, a high- 
speed clutch mechanism is activated. The 
clutch presses the recopy film to a drive 
drum, accelerating it to the same speed 
as the master film. By means of slit pho 
tography, the desired item on the master 
film is registered on the recopy film. After 
the desired item passes the camera slit, 
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trolled manner upon completion of growth. 
The results of this work showed that the 
severe cracking which occurs when crystals 
larger than % in. diam are grown can be 
prevented. It is now possible to grow 
ferrites 4% in. or more in diam and several 
inches long without gross defects. 

e The second major problem to be dealt 
with was excess ferrous iron, which may 
also be expressed as an oxygen deficiency 
in the erystal lattice. A continuing flow of 
oxygen during annealing, after completion 
of crystal growth, reduced oxygen defi 
ciency somewhat. However, it seemed that 
as long as the dynamic chemical process 
of burning hydrogen in oxygen remained 
a part of this process, this problem would 
not be entirely solved. 

@ In view of the success of the electrical 
heat source for annealing, the next phase 
of the work was devoted to the develop 
ment of an all-electric melting and anneal- 
ing heat source. This apparatus is shown in 
the accompanying illustration. The elimi- 
nation of the flame has made control of 
the environment of crystal growth possible, 
so that atmospheres of pure oxygen can be 
used. Operation is as follows: powdered 


ferrite material drops from a_ feeding 


Rapid Selector for Data Retrieval 


the clutch is disengaged and the recopy 
film stops. A number of consecutive items 


can be copied without slowing or stopping 


Tension contro 


Projection system * a) a 


Projection system 


cr a cleaner 


Tension 
O) control 
O 


Moster film-supply reel 


mechanism onto a “seed” crystal whose 
upper end is maintained as a molten pool 
at about 1600 to 1800 © by an r-f indue- 
tion-heating coil. As the powder drops into 
the melt, it is quickly melted, and the 
stirring action of the r-f field assists in 
achieving chemical homogeneity. The feed 
rate, heat input and pulling rate of the 
crystal are regulated to maintain a molten 
pool commensurate with crystal diameter 
at all times. As the crystal grows, it is 
lowered into the field of a second coil, 
more loosely coupled than the melting coil. 
This work coil serves to maintain the 
grown portion of the crystal at an anneal- 
ing temperature of about 1200 C, to avoid 
cracking due to temperature gradients. The 
region in which growth and annealing 
take place is enclosed in an atmosphere- 
controlled chamber. Pure oxygen at at- 
mospheric pressure is currently being used. 
e This work has resulted in the ability 
to grow ferrite single crystals of controlled, 
uniform composition with very few of the 
defects formerly encountered. 
P. E. LIGHTY 
INTERNATIONAL TELEPHONE & 
TELEGRAPH LABORATORIES 
Nutley, N.J 


the master film. The output of the machine 
is the recopy film, on which are registered 
all the documents of interest. J.R.R 


ini 
ad 


a cleaner 


2 


Toke up control 


Recopy film 


Diagram of film transport and optical systems for automatic document-retrieval machine. 
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New precision 


aneroid 
barometer... 


by 
Bulova 


The Bulova Precision Barometer has advantages over the best mercury types. 
Easy-to-read tape presents pressure between 21 and 31 inches in thousands. Maxi- 
mum error: within 0.002”; instrument lag: 0.001” maximum over 3” range. 


The Bulova capability—in Research & Development, electronics, and precision 
production—is ready to support your effort, regardless of its scope. 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability—it has been for over 80 years. For more information write: 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
Visit our Booth Numbers 1719—1721 I.R.E. Show—N.Y.C. 
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POWRIZED” 
CORDS in 
PLASTIC 


Colorful, tough, easy-to-clean! That’s why 
PLASTIC cords make your power tools, 
appliances, or other electrical products 
look better, work better, and sell better! 
And that’s why your smart move is to 
ROYAL the company equipped to give 


you prompt service on all plastic cord 
needs, either with stock molds or special 
tooling 


Royal has “off-the-shelf” molds for strain 
reliefs (dimensions customized to fit your 
product’s housing) . and 2-wire and 


3-wire caps and connectors for 125V and 
Moreover, when special 


es 


250V_ services. 


attachments are needed, Royal design 
engineers help you capitalize on the ver- 
satility and economy of PLASTIC 

with experimental molds, adequate sam- 
ple lots, and fast tooling for production 
runs. Attachments are molded to durable 
Royal Plastic or Rubber Cord, in colors 
that complement your product styling. 


N 
“i 


For’ full details on ROYAL 
power supply cords, write 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


in Catifornia: 
Electric Cords & Supply Corp. 
413 East 3rd St., Los Angeles 13 


tn Canada: 
Royal Electric Company ( Quebec) Ltd., 
Pointe Claire, Quebec 


OVAL... 
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aluminum-silicon fluxes. 
| are corrosion resistant. 


| Electronic Industries 


| the EIA Standard 
| for l-in. wide, 8-track perforated tape. 


Whitney, 
| DeVlieg, Cincinnati Milling Machine 
| Co. and others. 
| standard tape and character coding 


Pius or Minus 


Random Comments of the Editors and Readers 


| On Joining of Aluminum 


With reference to the article “Alumi- 
num—its Electromechanical Function 
in Design” in the December 1959 issue 
of ELecTRICAL MANUFACTURING: 

As a heretic member of the AWS 
Brazing and Soldering Committee, | 
have criticized the 800 F separation of 
brazing and soldering processes. The 
joining of aluminum with zinc or the 
aluminum-zinc eutectic alloy is a typical 
borderline case where the eutectic is 
formed or liquified at the interface 
above 720 F. A typical brazing joint is 
formed with fluoride fluxes similar to the 

These joints 
There is a de- 
mand for a solder that has the strength 


| and corrosion resistance of the zinc- 


base solders at a temperature of 500- 
600 F to be used with a non-corrosive 
flux; however, it has not yet been 
found. 
DR. K. M. WEIGERT 
Sr. Research Metallurgist 
Curtis Wricht Corporation 
Quehanna, Pennsylvania 


Proposed Character Coding 
for Perforated Tape 


| Illustrated is the “Proposed Standard 


One-Character-per-Row Code” for nu- 
merical machine-tool] control proposed 
by Sub-Committee TR-24.1.2 of the 
Association. This 
proposed character coding ties in with 
recently adopted 


Standard tape and the proposed coding 
system is already being used in point- 


to-point and straight-cut control sys- 
| tems as well as in some continuous- 


path systems. 

The character coding illustrated is 
now being used by a number of nu- 
merical control systems builders, in- 
cluding General Electric, Kearney & 
Trecker, Farrand Controls, Pratt & 
Giddings & Lewis, Fosdick. 


Since the use of a 


makes possible the use of a single set 


| of tape preparation equipment for many 
| different machines, many machine tool 
| users are now specifying that the nu- 


merically controlled equipment they 


| buy use this type of input tape. It is 


expected that acceptance of such a 


standard tape and code will help 
broaden the use of numerical control. 


J. M. MORGAN, Chairman 
EIA Sub-Committee TR 24.1.2 
Numerical Machine Tool 
Control Standards— 
Contouring and Positioning 


Space 
Delete 
Car. Ret. or end of block 
Back space 


Tat 


Yes, There is a First Method 
of Lyapunov 

With remarks in 
the December of ELECTRICAL 
MANUFACTURING about Lyapunov and 
his methods, I obtained the  fol- 
lowing information from the English- 


language edition of Feedback Control 
Systems by J. C. Gille, M. J. Pelegrin, 


reference to your 
issue 
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HE X-RAYS 
WOOD... 


to help make 
telephone poles 
last longer 
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Chemist Jack Wright developed the use of this X-ray fluorescence 
machine for testing the concentration of preservatives in wood. Here 
he bombards a boring from a test telephone pole with X-rays. 


This Bell Labs chemist is using a fast, new technique 
for measuring the concentration of fungus-killing preserva- 
tive in telephone poles. 


A boring from a test pole is bombarded with X-rays. 
The preservative—pentachlorophenol—converts some of 
the incoming X-rays to new ones of different and charac- 
teristic wave length. These new rays are isolated and sent 
into a radiation counter which registers their intensity. The 
intensity in turn reveals the concentration of preservative. 


Bell Laboratories chemists must test thousands of wood 
specimens annually in their research to make telephone 
poles last longer. Seeking a faster test, they explored the 
possibility of X-ray fluorescence—a technique developed 
originally for metallurgy. For the first time, this technique 
was applied to wood. Result: A wood specimen check in 
just two minutes—at least 15 times faster than before possi- 
ble with the conventional microchemical analysis. 


Bell Labs scientists must remain alert to all ways of 
improving telephone service. They must create radically 
new technology or improve what already exists. Here, they 
devised a way to speed research in one of telephony’s oldest 
and most important arts—that of wood preservation. 


Nature still grows the best telephone poles. There are over 21 million 
wooden poles in the Bell System. They require no painting, scraping or 
cleaning; can be nailed, drilled, cut, sawed and climbed like no other 
material. Scientific wood preservation cuts telephone costs, conserves 
valuable timber acres. 


“) BELL TELEPHONE LABORATORIES 


6 


World Center of Communications Research and Development 
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Motor PROTECTORS 
for highest Performance and Safety 


Check the advanced design of E-T-A protectors and 
see why they are superior to conventional types! 


MANUAL 


Ratings from 
0.05 to 25 amps 


AUTOMATIC 


Ratings from 


Travel of button 0.1 to 15 amps 


indicates tripped 
position 


Bimetal element 


Infinite contact 
adjustment 


Quick connect 
terminals 


greater power is packed into smaller motors. This 
miniaturization requires protectors with pin-point 
accuracy provided only by E-T-A! Precise calibra- 
tion is guaranteed by co-ordination of bimetal ele- 
ment, heater coil and infinite contact adjustment. 
Ideal for built-in and remote protection. E-T-A 
offers you a better product at lower cost. 


For engineering assistance call or write — 


PRODUCTS COMPANY OF AMERICA | 


6284 N. Cicero Ave., Chicago 46, Ill. 
Phone: Kildare 5-1554 


IN CANADA: E-T-A Products of Canada Ltd 
265 Craig St. West, Montreal 1, Que. 
Phone: UNiversity 1-5998 
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article, 


and P. Decaulne 
Company). 

There is 
Lyapunov. 


(McGraw-Hill Book 
Method of 
stability of 

vicinity of a 
d termined by 

of the 

This theorem is 

the mathematical justification for “small 

signal” approximations commonly ap- 


indeed a First 
It says that the 
a nonlinear system in the 
point can be 
the stability 
equations. 


singular 
knowing 
linearized 


system's 


plied to nonlinear system analyses. 
Incidentally, the (or Direct) 
Method is an algebraic (not graphical) 
approach for determining the stability 
of a nonlinear system. It is not limited 
in application to linear systems, as are 
Routh’s 


Second 


and Hurwitz’s criteria, but can 

lead to complicated expressions which 

are difficult to interpret in terms of the 

system parameters. 
Readers who are interested can find 

further details in Chapter 27 of the 

referenced book. 

L. R. AXELROD 

THe Powers Recuiator Co, 

Skokie, Illinois 


An Oscar—Almost 


We from a letter from H. R. 
Terhune, Manager of Standards, ITT 
Labs, to R. T. Haviland, Chairman of 


the IRE Symbols Committee: 


quote 


I am so accustomed to w riting 
complaining letters to editors of technical 
azines that this (ELECTRICAI 
MANUFACTURING, January 1960) took me 
Believe it or not, 


(Continued 


mag issue 


completely off my feet. 


on page 212) 


THIS MONTH’S COVER 


One of the most important uses of in- 
frared is in the tracking of missiles and 
rockets, as portrayed on this month’s 
cover. This and other techniques involvy- 
ing infrared are described, along with 
the fundamental principles, in this 
month’s Basic Science & Engineering 
“Infrared Fundamentals and 
Techniques,” starting 101. 


on page 
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Belden Cords 


lead to the leading \ 


ap pliances ! 


‘Y 


’ 
5 
i 
* 

z 


...there’s one just right for your products! 


Belden offers the most complete line of quality 
cords and cord sets for every need... small 
appliances, yard and garden tools, power tools, 
electric ranges and dryers, business machines, 
and every other type of equipment using electri- 
cal cordage for power supply. 

And, because all Belden cords are manufac- 
tured to the highest quality standards, they bear 
the UL Flag Label with the SECC emblem— your 
guarantee of safe operation for your products. 


one wire source for everything electrical and electronic 


tite 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


Belden Grip Prong* Plugs stay in the 
outlet-— provide dependable service on all 


equipment. 
Grip Prongs expand 


Positive electri- and grip sides of slot. 


cal contact even 
in worn outlets. 


No strain. Prevents 
damage to electri- 
cal contacts. 


* Belden Grip Prongs—U. S. Patents: 2,439,767; 2,671,205. 
Canadian Patents: 438,585; 506,946 
Magnet Wire « Lead Wire « Power Supply 
Cords « Cord Sets « Portable Cordage « 
Electronic Wire e Control Cables e« 
Automotive Replacement Wire and Cable 
« Aircraft Wire 
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silicon rectifiers 
include 84 high 


efficiency types 
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Rated at from 0.325 to 250 amps, 


in complete variety of case designs and terminals 


Proved performance, low cost, 
prompt shipment from stock 


Sarkes Tarzian’s “‘Designers’ Line’’ silicon recti- 
fiers offer the small size, high efficiency, mounting 
versatility, and wide range of ratings that can 
help solve many of your power conversion cir- 
cuitry problems. Tarzian’s realistic prices make 
these high quality components practical for al- 
most all commercial and military applications. 

The 84 types of Tarzian “ Designers’ Line”’ recti- 
fiers feature extremely lowjunction current density 
to provide maximum reliability and operating life. 


_M™ax. amps. ___ NEGATIVE _ POSITIVE 


re- 

verse max. cur- 

volt- RMS rent surge Tarzian Jedec Tarzian Jedec 
age volts peak 4MS Type No. Type 
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Their -55°C to +125°C temperature range makes 
Tarzian silicon rectifiers ideal for circuits where 
ambient temperatures are high and small size is 
desired. Ratings range from 0.325 to 250 amperes. 

Tarzian types are available for immediate 
delivery in production quantities from factory or 
warehouse stocks. Complete power conversion 
engineering service on your rectifier requirements 
is available at no charge or obligation. 

For further information contact your nearest 
Tarzian sales representative or write to Section 
4394-F,Semiconductor Division, Sarkes Tarzian, 
Inc., Bloomington, Indiana. 


SARKES TARZIAN, INC. 


SEMICONDUCTOR DIVISION 
BLOOMINGTON, INDIANA 
Jn Canada: 700 Weston Rd., Toronto 9, Ontario 
Export: Ad Auriema, Inc., New York City 


peak ‘Max. amps. 
in- fe- 
verse max. cur- 
volt- RMS rent surge Tarzan Jedec Tarzian Jedec 
age volts peak 4MS Type No. Type No. 


NEGATIVE _—_—POSITIVE 
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The Amplexologist spends a lot of 
time with his feet on his desk. 
Sometimes, usually when the boss 
is looking—he reads the Amplex 
engineering manual. But most of 
the time he just ponders parts. 
Parts that work in the kind of 
product your company probably 
manufactures (from eggbeaters to 
farm combines). He figures how 
to make them better and cheaper 
through advanced powder metal- 
lurgy—his specialty. (In fact, 
that’s what makes him an Amplex- 
ologist. ) 


Whenever he can replace a con- 
ventional machined part with a 
finished, precision powder metal 
part that requires no machining— 
a little flame of joy leaps up inside 
of him. Since he’s good at his job, 
this happens rather often—which 
accounts for the frequent smile on 
his face. And on ours, too. Because 
he has helped make us the world’s 
largest and most experienced pro- 
ducer of powder metal parts— 
which is pleasant, sometimes. 


More important, he’s the reason 
so many leading manufacturers say: 
When it comes to powder metal- 
lurgy—Amplex has the answer. 


om SEND COUPON...if you'd 


AMPLEX 


Cyiaha > 


DIVISION 
CHRYSLER 
CORP. 
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like to talk over your product with the 
Amplexologist. Don't hesitate. He’s 
always happy to get out of the office. 


mS 


MATA 
AMPLEX DIVISION 
CHRYSLER CORP. ¢ DETROIT 31, MICH. zB 


Please have the Amplexologist call to look into the — 
possibility of using powder metal parts in our product. — 
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ASCO 
eo nnn an ALL-NEW 


PERMANENT SPLIT CAPACITOR MOTOR 


____ available in H. P. ratings from 1/30 to 1/3 


If you are the manufacturer of 


EXHAUST FANS 
UNIT HEATERS 
=) DIRECT DRIVE BLOWERS or 
AIR CONDITIONING EQUIPMENT 


this Motor is made for you! 


The new Fasco “71” Frame Motor is completely new in 
lamination design . . . rugged, precision-built to power 
your product smoothly, quietly, dependably—and do it 
with higher efficiency in less space and with less weight. 
This, coupled with Fasco’s reputation for building quality 
motors of heavy-duty design, guarantees long, trouble- 
free service life . . . a decided asset in helping you to win 
and hold customer satisfaction in your product. What’s 
more, this motor offers exclusive quality features at the 
lowest competitive prices. 


Write, wire or call us, or the FASCO field 
office nearest you and a field engineering 
specialist will call at your plant to study 
your particular application. 


xclusive 
o* applications 


| ar  FASCO INDUSTRIES, INC. 
oO _ Rochester 2, N.Y. 


This catalog contains complete information on FASCO 


eS = \ ee S F.H.P. Motors and Blowers. A copy is yours for the asking. Telephone . HAmilton 6- 1800 
en . me) 


BRANCH ENGINEERING OFFICES 


East North Central 333 Salem Avenue North Central 5306 W. Lawrence Ave. WestCeast 400 South Hiatt Street | Mid Central 1110 S. Brentwood Bivd. 
Dayton 6, Ohio Baldwin 2-6181 Chicago 30, Ill. reas §-1418 LaHabra, California Owen 1-1751 St. Louis 17, Mo. Parkview 1-0866 
South Central 4924 Greenville Avenue Coast 420 Lexington Ave. North Central 3418 East Lake Street 
Dallas 6, Texas Emerson 8-2603 Room 760 erguar send New York 17, N. ¥. OR 9-5570 Minneapolis 6, Minn. Parkway 9-2808 
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RCI Flexibilized EPOTUF 
EPOTUFs EPOTUFs Blends 
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ULSE 
) TRANSFORMERS 


MINIATURE STABLE WOUND CORE HERMETIC MIL-T-27A TYPE TF5SX36ZZ 


UTC miniature, wound core, pulse transformers 
are precision (individually adjusted under test 
conditions), high reliability units, hermetically 
sealed by vacuum molding and suited for service 
from —70° C. to +130° C. Wound core structure 
provides excellent temperature stability (unlike 
ferrite). Designs are high inductance type to pro- 
vide minimum of droop and assure true pulse 
width, as indicated on chart below. If used for 
coupling circuit where minimum rise time 

is important, use next lowest type number. 


Rise time will be that listed for this lower 
type number .. . droop will be that listed 
multiplied by ratio of actual pulse width 
to value listed for this type number. Block- 
ing oscillator data listed is obtained in 
Standard test circuits shown. Coupling 
data was obtained with H. P. 212A gen- 
erator (correlated where necessary) and 
source/load impedance shown. 1:1:1 ratio. 


DEFINITIONS 
Amplitude: Intersection of leading pulse edge 
with smooth curve approximating top of pulse. 
Pulse width: Microseconds between 50% ampli- 
tude points on leading and trailing pulse edges. 
Rise Time: Microseconds required to increase 
from 10% to 90% amplitude. 
Overshoot: Percentage by which first excursion 
of pulse exceeds 100% amplitude. 
Droop: Percentage reduction from 100% am- 
plitude a specified time after 100% amplitude 
point. 
Backswing: Negative swing after trailing edge 


as percentage of 100% amplitude. 


APPROX. DCR, OHMS I BLOCKING OSCILLATOR PULSE | 


% % 
Width Rise Over Droop Back P Width Volts 
uw Sec. Time Shoot % Swing »Sec. Out 


05.022 ~O 20.10 05 17 
“10 024 25.10 #10 19 
026 Ss Ss 2. 39 

03 » Ss wD ww. 

0: 20 10 a 
20. 10 27 
a) 26 

3 8 23 18 ~«=©10 =610 S45 

= 2 7 24 20. 10 +2110 SO 

67:10 : oe oR 24 25. 10 10. 50 

ae. i i ae a ie 40 i wa GS 

13820 25 10 20 6 10 10 1000 
165 25 0 10 2 8 8=68 iS 10 10 1000 
~~ ae 50 
, = 50 
Ss 12 10 
, eo 
‘1523-100 
) a ae ed 
) eae 7 
) 18 ~=—28 200 
15 30 200 


COUPLING CIRCUIT CHARACTERISTICS 


% % 
Rise Over Droop Back imp. in, 
Time Shoot % Swing out, ohms 


01 20 . ss 2 
0 8630 50 250 
01 30 

01 30 
02. #15 
05 10 
07. +10 


"20 
15 
5 
10 


65 
65 
35 
35 


0 
0 
> 
; 2 


500 
1000 
1000 
1000 
1000 


=m 
— os 
3 
: 


Si ae 
6 
93° 116 
104-135 

) 124 





14 05 = 


a ee oe 
441331 
62 7.3 222 2 

102 12 #436 3 
67 6145 «#175 5.14 5 
H68 642.3 «521 148 10 


Note: 0 = Negligible 
H-45, 46, 60 thru 68 are 3/8 cube, 1 gram 


AND SPECIAL UNITS 
TO YOUR SPECS 


1.86 
3.73 


o- 
=e 
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TRANSISTOR TEST CIRCUIT 


H-47 thru 52, 9/16 cube 4 grams H-53 thru 57, 5/8 cube 6 grams 


While stock items cover 
low level uses only, most 
of UTC’s production is on 


special units to customers’ 
needs, ranging from low 
levels to 10 megawatts. 


UNITED TRANSFORMER CORPORATION 
150 Varick Street, New York 13, . ¥. 


PACIFIC MPG, DIVISION: 4008 W. JEFFERSON BLVD. LOS ANGELES 16, CALIF, 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, Nv. Y. CABLES: “ARLAG™ 
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Mechanical shock doesn’t damage 


MALLORY POWER RHEOSTATS 


See Mallory Controls Company for 


e High resistance to shock and vibration provided 
by unitized fusing of rugged porcelain core and 
base...and tough, impervious vitreous enamel 
on winding. 


Correct contact pressure always maintained by iii ‘iiemaeaie comer sane — 
spring-loaded, hinged contact arm—unaltered by controls resistors rheostats switches & jacks 
vibration, shock or overload heat. 

Mallory Controls Company, Frankfort, Indiana 


Cool operation assured by ample ventilation and cae 
a division of 


conservative ratings. 


Standard Mallory rheostats cover the complete 
range from 25 to 500 watts. Our engineers will 
design units to fill special requirements. Write or 
call for a consultation. 
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A.0. Smith has the horses / 


800 to 1 hp favorites for quiet 


operation, low maintenance and 


long-life service... 


all from the case of the A. O. Smith Motor Man a ty 


The horses of A. O. Smith make up the dandiest remuda 
an integral motor user ever saw. A complete line of long- 
lived “easy keepers” — that includes... 


SINGLE-PHASE DRIPPROOF INTEGRALS 

(1-5 hp). Tough rolled-steel frames have mountings har- 
nessed to either old or new NEMA standards. Exclusive 
sealed starting switch keeps ’em running free and easy. 


POLYPHASE DRIPPROOF INTEGRALS 

(1-800 hp). These front-runners are sound of wind, 
thanks to extra-value ventilation and insulation... 
sound of limb, thanks to extra care in electrical and 
mechanical design. 

And A. O. Smith delivers the horses! Our motor man 
near you is on his mark with 24-hour action on all parts 
and service orders. He’ll also show you a complete line of 
fractional-hp motors. 


ELECTRIC MOTORS 


Tipp City, Ohio | 
A. 0. SMITH INTERNATIONAL S. A. 
| Milwaukee 1, Wisconsin, U. S. A. | 
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Consider the 
more compact 
windings 


possible with 


Phelps Dodge Square & 


Rectangular Film Wires 


that can improve insulation system designs, 
cut equipment size and overall costs! 





THERMALEZE’ F (155° C) 


The Class F film-insulated wire with the 

best all-around balance of properties. 
Thermaleze® F can greatly increase the thermal 
life of equipment with no increase in cost. 


FORMVAR 


Proved for Class A (105° C) use in 
many types of distribution transformers, motors 
and other electrical equipment. 


When used under Daglas®, acting as a 
positive inorganic spacer, Thermaleze® F 
and Formvar give outstanding performances 
at Class H (180° C) and Class B (130° C) 
respectively. 


Phelps Dodge square and rectangular film 
wires also have these accepted advantages: 


e@ Flexibility, toughness and good forming 
qualities for assembly. 


e Better space factor (more turns in less 
space) that permits (a) reduction in 
equipment size and cost, or (b) increased 
power with same size equipment, when 
used in proper insulation systems. 


e@ High dielectric, moisture-resistant films. 


Any time magnet wire ts your problem, 
consult Phelps Dodge for the quickest, surest answer! 
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Select here the 
VOLTMETERS, AMMETERS, 


| NEW! 
e 
dp 403A Transistor ac Voltmeter—1 cps to 1 MC 
Battery-operated, weighing less than 5 pounds and small enough to hold 
in your hand—this new transistor ac voltmeter measures 100 xv to 300 v 
(max. full scale sensitivity 1 mv) over frequencies 1 cps to 1 MC! Twelve 
voltage ranges; also reads direct in db from —12 to +2 db. 400 hour bat- 
tery life equals 6 months of average use; battery voltage may be checked 
by front panel switch. Noise less than 50 uv. Completely isolated from 
power line or ground interference. Average reading meter minimizes turn- 
over and waveform errors. Accuracy +3% to 500 KC, +5% to 1 MC. Input 
impedance 2 megohms; generous 600 v overload capacity on higher ranges, 
25 v maximum on lower ranges. $250.00. 


All of these widely useful -hp- instruments are available in rack-mounted 


-hp- voltmeter accessories—voltage dividers, coaxial connectors, voltage 


e 7 ee eS Sie 
2 aaa 
NEW! 

* 

GP AO5AR Digital Voltmeter 
Automatic range, polarity 
Here’s true ‘‘touch-and-read” measuring simplic- 
ity. Automatic range, polarity selection; covers 
0.001 v to 1,000 v. (Accuracy + 0.2% of reading + 
1 count). New, unique circuitry provides a stabil- 
ity of readings virtually eliminating fatiguing 
jitter in the last digit. Floating input, multi- 
electronic code output for use with digital re- 
corders. Uses electronic computing circuits to 
insure low maintenance, trouble-free operation. 
Just 7” high! $825.00. 


Complete array of ac and de measuring equipment 
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versatile, precision 


OHMMETERS you need. 
multi-purpose! 


@® 4o0p 
10 cps to 4 MC 


Regarded by many as finest ac VTVM 
ever built. Covers all frequencies 10 
cps to 4 MC, extremely sensitive, wide 
range, accurate within 2% to 1 MC. 
Measures 0.1 mv to 300 v (max. full 
scale sensitivity 1 mv), 12 ranges. 
Direct reading in v, db. 10 megohm 
input impedance with 15 yzyuf shunt 
insures negligible loading to circuits 
under test. $225.00. 


Gp) 400H 
1% accuracy VTVM 


Here’s extreme accuracy of 1% in a 
precision VTVM covering 10 cps to 4 
MC. Big 5” meter has exact-reading 
mirror-scale, measures voltages 0.1 
mv to 300 v (max. full scale sensitivity 
1 mv). 10 megohm resistance with 15 
uuf shunt minimizes circuit loading. 
Amplifier with 56 db feedback insures 
lasting stability. $325.00. 


models! Also, inquire about 


multipliers and shunt resistors. 


NEW! 


) 400L 
Log VTVM—10 cps to 4 MC 


Covering 10 cps to 4 MC, this new hp VTVM 
features a true logarithmic scale 5” long plus 
a 12 db linear scale. The log voltage scale 
plus long scale length provides a voltmeter 
of maximum readability, with accuracy a 
constant percentage of the reading. Accu- 
racy is +2% of reading or +1% of full scale, 
whichever is more accurate, to 500 KC, +5% 
full range. Range 0.3 mv to 300 v, 12 steps, 
(max. full scale sensitivity 1 mv). $325.00. 


410B 
ac to 700 MC, also dc 


Time-tested standard all-purpose volt- 
meter. Covers 20 cps to 700 MC, full 
scale readings 1 to 300 v. Input ca- 
pacity 1.5 yszf, input resistance 10 
megohms. Also serves as dc VTVM 
with 122 megohms input impedance, 
or ohmmeter for measurements 0.2 
ohms to 500 megohms. $245.00. 


HEWLETT-PACKARD COMPANY 


1004M Page Mill Road ¢ Palo Alto, California, U.S.A, 
Cable “HEWPACK” « DAvenport 5-4451 
Field representatives in all principal areas 


NEW! 


dp 412A Precision 
Volt-Ohm-Ammeter 


At last a true, precision multi-purpose in- 
strument. Measures dc voltage 100 xv to 
1,000 v (max. full scale sensitivity 1 mv), 
1% accuracy full scale. Measure currents 1 
pa to 1 amp with +2% accuracy full scale. 
13 ranges. As ohmmeter measures 0.02 
ohms to 5,000 megohms. Extremely low 
noise, drift. Recorder output provides 1 v 
full scale. $350.00. 


425A Microvolt- 


icromicroammeter 
New, high sensitivity, high stability in- 


quence, Accuracy +3% on all ranges. 
Drift less than 2 nv under all condi- 
tions; very much less under lab con- 
ditions. input impedance 1 megohm 
+3% on all ranges. Also usable as 100 
db amplifier with up to 1 v output 

signals as small as 10 xv. $500.00. 


Gp 428A 
Clip-On Milliammeter 


Employs radical new approach to cur- 
rent measurement which eliminates 
breaking leads, soldering connections or 
loading of circuit under test. Revolution- 
ary “current sensing” probe clips around 
wire under test, measures the magnetic 
field around the lead. Easily measures 
dc current in presence of strong ac. Cov- 
ers 0.3 ma to 1 amp in 6 steps; full scale 
sensitivity 3 ma. Accuracy +3%, probe 
inductance less than 0.5 yuh. $475.00. 


—unique value, traditional -hp- dependability U7) 
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Metallurgical Memo from General Electric 


Oscillograms show how Thyrite varistor limits 
PTTL 1 en A 
cuit, surge voltage is reduced from 9 to 3 times 
the applied peak voltage. 


WITHOUT WITH 
bah aitis Sieh ati) 


ares 
nN No -accale : 


He'll get surge protection results with G-E Thyrite. varistors 


. . + and so can you with the assistance of 


_— se a G-E engineer in your circuit planning 
SEND FOR GENERAL ELECTRIC 
ENGINEERING APPRAISAL KITS Sudden interruption of an inductive current produces high surge 
voltages which must be limited to a safe value. The engineer who 
plans his circuit to include a General Electric Thyrite varistor 
is “buying” the best and lowest cost surge protection available. 
Thyrite varistors are voltage-sensitive resistors which limit voltage 
surges and stabilize current. Available in rods, discs, or washers — 
with or without leads, and as assemblies ready for installation — 
Thyrite varistors are made with a wide variety of volt-ampere 
characteristics for components rated from 6 to 10,000 volts. 
For more information on Thyrite varistors — or for the assistance 
of a G-E engineer to help you with a specific problem — write: 
Magnetic Materials Section, General Electric Company, 7804 N. Neff 
Road, Edmore, Michigan. 


Kit #1 (illus.) contains 12 miniature disc varis- 
tors, color-coded and with connecting leads. 


Price: $5.00. Also, Kit #2 containing 10 color- MAGNETIC MATERIALS SECTION 


coded rod varistors with connecting leads. 
Price: $5.00. Test their properties; see how 


they can help you. Send for yours today. G E N t R A L BB iJ LE CT H i C 


CARBOLOY® CEMENTED CARBIDES © MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS ¢ THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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116 reasons why we can help you put 
your finger on the right plastic faster 


Xe] 


This will give you an idea of how 
surely National can help you pin- 
point exactly the plastic you want. 
National has the broadest line in 
the industry, including standard 
forms, precision - fabricated parts, 
and a huge stock of many grades 
ready for immediate shipment. For 


si ln 
(yw 


LS ‘grades of Vulcanized Fibre... 


fast help, samples, or more informa- 
tion, contact your nearby NVF sales 
office. You'll find the ’phone number 
in Sweet’s Product Design File 
2b/Na. Or write NVF, Dept. TT, 
Wilmington, Del. It’s a direct line 
to the one best material per dollar 
of design performance. 


1 grades tor printed circuits... 


a NATIONAL 


VULCANIZED FIBRE CO. 


In Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 





America’s modern way of doing business 


LeTourneau-Westinghouse gives heavy-equipment customers swift, direct-from-factory service via A/R EXPRESS. 


Air Express gets road scraper back to work fast! 


This giant dirt-moving scraper stands idle. A replacement contactor switch was needed. The /ocal 
distributor found the item temporarily out of stock. But one phone call and AIR EXPRESS, the 
nation’s most complete air-ground shipping service, sped a replacement direct from manufacturer 
to construction site. Once again, dependable, convenient AIR EXPRESS saves a modern business 
time and trouble. Small wonder that so many of today’s 
sales-minded concerns use this low-cost service even 
for day-to-day shipments. Why don’t you let AiR EXPRESS 


—y 
—/jet-age wings of modern marketing—get your firm's AIR EXPRESS 
E=® 


products FIRST TO MARKET... FIRST TO SELL! 


&} CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY « GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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Fabricated by CDF. Near the presses that produced the Dilecto 
laminates, these paper-base parts were machined to close tolerances 
by CDF specialists . . . quickly, accurately, economically for the 
purchasers. This is a random selection from the five grades 
described in the table below. 


- Low-cost | 
insulation problems ? 
Look into these 
CDF Dilecto’ laminates 


For everyday mechanical-electrical parts that receive 
tough punishment and must have excellent physical 
and dielectric properties at low cost, the CDF phenolic 
paper-base line is outstanding. 


Economy. CDF paper-base grades machine readily into 
intricate parts. Some are flame-retardant. Others are 
especially adaptable for punching. All are economical 
for the value delivered. 


Fabrication Facilities. CDF has excellent and extensive 
plastics-fabrication facilities for turning out finished 
Dilecto parts to your specifications—better and more 
economically than you can do it yourself. Save the time 
and trouble of intricate fabrication by using CDF’s 
specialized facilities. 


See Sweet’s, Electronics Buyers’ Guide, and the other 
directories for the phone number of the CDF sales 
engineer nearest you. Or send us your print or problem 
direct, and we’ll return a recommendation of the right 
Dilecto grade for your need. 


CDF makes Di-Clad*® printed -cirouls laminates, Diamond® Vulcanized 
Fibre, CDF products of Teflont, flexible insulating tapes, Dilecto® tami- 


nated plastics, Celoron* molded products, Micabond* mica products, 
Spiral Tubing, Vulcoid*. 


¢Du Pont trademark for its TFE-fluorocarbon resin 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE frat! COMPANY « NEWARK 13, DEL. 
In Canada: Continental-Diamond Fibre of Canada Ltd., 46 Hollinger Road, Toronto 16, Ont. 


i 


Typical Property Values—Dilecto Paper-Base Laminates in Sheet Form 


X-13 
(NEMA X) 
ROCKWELL HARDNESS (M SCALE) 
"TENSILE STRENGTH Iw (1000 psi.) 
FLEXURAL STRENGTH Iw (1000 psi.) 


100 





20 


XX-13 FR 
(Fire-retardant) 
(NEMA XX) 


XX-13 
(NEMA XX) 


XXXP-28 
(NEMA XXXP) 


XP-13 
(NEMA P) 


110 


108 


16 17 





20 





COMPRESSIVE STRENGTH (1000 psi.) 


WATER ABSORPTION (% in 24 hrs.) 
1/16” thickness 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE (°C.) 


DIELECTRIC STRENGTH perp. to 
lam. (VPM) 

DIELECTRIC STRENGTH parallel to 
lam. (Kv.) 


DISSIPATION FACTOR at 1 mc, Cond. A 


DIELECTRIC CONSTANT at 1 mc, Cond. A | 


ARC-RESISTANCE (seconds) _ 


ASTM D.-257, Fig. 3 


AIEE insulation class 
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GENERA 
has whatever you 


When it comes to buying magnet wire. just name your specs 


and General Electric can match them. For example: 
What are your temperature requirements? General 
Electric makes a number of magnet wires for temperatures 


ranging from 105 C through-225 C. 


What insulation do you need? For high conductor tem 


perature (155 C, Class F) G.E. has Alkenex** wire with a 
polyester resin insulation developed in G.E.’s Research 
Laboratory. G.E. has Formex* wire insulated with 
polyvinyl-acetal resin, also developed by G.E.’s Research 
Laboratory. Formex is the closest approach in the industry 
to a universal magnet wire and has been used and acknowl- 
edged a leader for more than 20 years. These are two of a 
large variety of insulations available on G-E magnet wire. 


Progress /s Our Most /mportant Product 


- 





ELECTRIC 
need in magnet wire 


What shapes do you need? General Electric has them 
all: round, square, rectangular. 


How long must it last? The magnet wire you buy from 


G.E. is identical to the magnet wire G.E. builds into its own 


equipment—the most durable you can buy. 


When do you need it? You can get most types and sizes 
of G-E magnet wire right out of stock, at G-E warehouses 


spotted all over the country. Special types or sizes can 
usually be made to order, promptly, in General Electric 
plants on both coasts. 

Any more questions? G.E. has a brand-new catalog on 
magnet wire that’s the most complete of its kind. It contains 
a unique selection guide, product description, dimensional 
data, and application information. Simply fill in and mail 
the coupon. 


*Registered Trade Mark General Electric Company. **Trade Mark General Electric Company 


Misha at 


‘ 


General Electric Company 
Wire and Cable Department 
Section W247-322 


Bridgeport 2, Connecticut 


[-] Please send me the brand-new 
G-E magnet wire catalog—the most 
complete book of its kind available. 


[_] Here is a description of my 
problem. What do you suggest? 


Name 
Company_ 
Address 


City 





Here’s Why 


The ORIGINAL 


Tantalum Capacitor 


Is Still The Best... 


Over 10 years of laboratory testing and millions of 
applications in the field prove that Fansteel’s pat- 
ented shoulder and curl design provides the best 
method of sealing a tantalum electrolytic capacitor. 


... because the shoulder and curl design of the silver 
case results in a spring action on the seal assembly 
at all times. 


-because this downward pressure and tension 
remains constant throughout the capacitor’s 
temperature range. 


. because two gaskets—one above, one below the 
tantalum disk—create an air space, the only effec- 
tive barrier against capillary action. 


. because part of the upper gasket is formed into 
the curl for a perfect seal between case and gasket 
unaffected by varying temperatures. 


. because all gasket materials are carefully selected 
and controlled in their parameters so as not to 
interfere with the curl’s spring action. 


. because there can be no loosening of the seal due 
to compression set. 


Fansteel tantalum capacitors 
. -. electrolytic and solid 
types ... complete ratings 
for all temperatures. Write 


for latest technical bulletins. 


Visit Us At Booths 4021-4022 
IRE Show 


ELECTRICAL MANUFACTURING 





SELENIUM 


..+ products of almost 30 years of 
Fansteel research and development in 
adapting selenium to rectifiers and 
perfecting cell designs that are 


now standards for industry. 


Fansteel Selenium Rectifiers offer 
practically unlimited life with no 
maintenance. Instantaneous power 
with negligible leakage. Over 400,000 
different stack combinations readily 
available in almost unlimited power 


ratings, any standard cell size or circuit. 


Fansteel selenium cells are produced in 
dust-free, conditioned-air surroundings 
and undergo rigid testing for work- 
manship, performance and reliability. 


SILICON 


...d-c power sources for all applications 


requiring highest reliability under 
severe service conditions. Produced 
under exacting “white room” 
conditions using finest-quality 
materials. Thorough, 100% testing 
assures peak performance. 


22 amp., 35 amp. and 75 amp. types, IN Series, 
individual or in stack assemblies 
with bridge, center tap or doubler circuits. 


Ht 


Write for Bulletins 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Ill. U.S.A. RELIABILITY 
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SPEED 
ADJUSTABLE 
SPEED 


LN ORM Lae IN Telelon gels: Ce o 


INDUCTOR 


CONSTANT 


OUTPUT BEARING 
AND LOCKNUT 


OUTPUT 
SHAFT 


SUPPORT 





Two-field 
construction shown. 
Also built in one, 
three, or four-field 
construction with 
or without magnetic 
brakes. Simply 
specify your hp and 
speed requirements 
and Louis Allis 

will tailor the drive 
to your need. 


Just a few 
of many 
application 
possibilities: 


Test stands 


Adjustable-frequency 
sets 


Paper-machine 
drives, line shaft, 
sectional, or helper 


Extruder drives 


Rubber and paper 
calenders 


Wire-drawing 
Another new product from Louis Allis machines 
Pumps and blowers 
Kiln drives 


The new Louis Allis 
MAGNETIC DRIVE 


A compact, precise adjustable speed drive up to 2000 hp! 


If you use adjustable speed drives up to 2000 hp, you ought to know about 

the special features available in the all-new Louis Allis Magnetic Drive. Based 
on a liquid-cooled magnetic coupling design, this outstanding drive offers you 
the finest in precise regulation, compactness, and design flexibility. 

A unique annular cooling manifold distributes the coolant over the outer surface 
of the inductor drum to provide an effective heat transfer, “Water drag” is 
eliminated, since there is no liquid in the air gap between the constant speed and 
adjustable speed members. 


This new cooling principle eliminates “flooding” the Magnetic Drive and 
forcing of water into the bearings. And you'll never find condensation in the 
bearings, because the annular manifold design permits a planned flow of air 
through the drive at all times. This reduces bearing temperature and carries away 
any condensation which might occur as the unit cools off after use. 


The design also incorporates stationary field construction, thus eliminating slip 
rings. All bearings can be easily lubricated without disassembly, and grease 
chambers provide ample grease reservoirs. - 


Other features include field coils and lead connections encapsulated in a 
special chemical and heat-resistant polyester — simplified construction for 
easy inspection and servicing — and versatile design for simple relocation 
of cooling inlet, conduit box, discharge, etc., regardless of direction of rotation. 


If your plans call for adjustable speed drives — specify Louis Allis Adjustable 
Speed Magnetic Drive. For a complete description of these new drives, write 
for Bulletin 3650 — now available at your Louis Allis District Office or from 
The Louis Allis Co., 428 East Stewart Street, Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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Boalt) 
RHEOSTAT 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


300 watt 


From 25 toe 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability 


To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat. 

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum. 

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, long-lasting VITROHM bond- 
ing (D). 


Write for list of stocking distributors. 
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You get positive action: Self-lubricat- 
ing twin-shoe contacts—exclusive with 
W/L-—on balanced beryillium copper con- 
tact arm (E) eliminate backlash, con- 
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F). 

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 9.6 


Circle 128 on Inquiry Card 


pe Om Tas 


WARD 
/ LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER...E/ectrically 


FR eulO-E ryncored Contos Since 1892 


AiOie FF 


‘ ' ‘ 
RESISTORS | RHEOSTATS ¢ RELAYS !CONTROLS} DIMMERS 


ELECTRICAL MANUFACTURING 





A Remarkable Development in 


VARS#E 


SUPER HIGH-STR 
SEMI-CURED SILI@ 


FOR 
MOTOR COILS + CABLES. 
HIGH * xf oe GE ee 


MECHANICAL TUBING 
STRENGTH 


tt 
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ef 


wan, 


HIGH 
mg DIELECTRIC 
STRENGTH 


HIGH 
BONDING 
STRENGTH 


~ Excellent Power Factor » 
~ - 


~ - 
"eee 


There’s nothing better than NJW’s new . AGTUAL BONO STANGTH CHART 
VARSIL SR1050 for rugged Class H applica- oe 
tions! It’s the best bonding tape of silicone rub- 

ber on glass cloth...The exceptionally tight 

bond and good flow of rubber means no voids — 

maximum dielectric strength. 


BOND STRENGTH vs SHELF LIFE 


ALSO AVAILABLE — VARSIL SR1050 on Dacron-glass com- nt naan Coeeer: td 
bination cloth, with just the necessary stretch for excellent 

conformity (keeping volts-per-mil-high). Unusual flow of rub- A siclageel TWO SIDES COATED 

ber during vulcanization eliminates voids and assures good THICKNESS: 20 MILS 

bonding strength. Outstanding shelf life too, (see chart). Try it | | | | gSiticone :"VARSIL" SR 1050 
for that special job which demands the highest quality tape. 

@ Available single or double faced. M Agents in principal cities. 


@ Complete test data free samples available, on request. 
DAYS OF SHELF LIFE 


NEW JERSEY WOOD FINISHING COMPANY 
MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION + WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES ¢ VARNISHED "FIBERGLAS"? CLOTH AND TAPES © VARNISHED SILK ANDO SILK 8UB- 
STITUTE @ SYNTHETIC RESINOUS TAPES AND EXTRUDED TUBING e POLYETHYLENE, SHEETS, TAPES AND EXTRUDED TUBING 
© CABLE WRAPPING TAPES ¢ "'VARSIL" SILICONE VARNISHED "FIBERGLAS"t CLOTH AND TAPES © "VARSLOT” COMBINATION SLOT 
INSULATION: -RAG PAPER ANDO VARTEX VARNISHED CAMGBRIC © FISH PAPER AND VARTEX VARNISHEO CAMBRIC © RAG PAPER AND 
"MYLAR'® POLYESTER FILM @ ASBESTOS PAPER AND "MYLAR''* POLYESTER FILM @ KRAFT PAPER AND "MYLAR’’* POLYESTER FILM 
® VARTEX VARNISHED “FIBERGLAS''T AND "MYLAR'* POLYESTER FILM . SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


é Seer vat y 
badiat os aa els ES *mylar, DuPont's registered trademark 7Fibergias, Owens-Corning Fibergias registered trademark 
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Essex Lead Wire is manufactured 
with plastic, rubber, neoprene and 
silicone insulations. Typical uses, 
motors, transformers, coils, fluorescent 
ballasts and fixtures, switchboards, 
panels, controls, rectifiers, or any 
general appliance wiring application. 


THERMOPLASTIC (A) Polyvinyl plastics are well known for 
their dielectric strength and resistance to oils, solvents and 
chemicals. They are strong and durable. The plastics used for 
this group covers go°c, 90°C and 105°C temperature ratings. 
U.L. approval on all items. C.S.A. on 90°C and 105°C except 
sizes No.1 AWG and larger. 


RUBBER AN 


D BRAID (8) Essex P-300 ® has long been 


recognized as an outstanding and most acceptable motor lead 
wire. It is @ 75°C Rubber insulated, cotton braid, lacquered 
wire, both U.L. and C S.A. approved, that is most commonly 
used with the usual baking cycles for motors, coils and trans- 


formers. 


NEOPRENE 


high temperatu 
wire with both 


(C) Essex N-900 ® a new wire in our line, has @ 


re oll resistant insulation. This is 4 90° C lead 


U.L. and C.S A. approval. 


SILICONE (D) Today's need for high temperature material 
identifies Essex Sil-X ® wire with a silicone rubber insulation, 
a glass braid, and lacquer finish, as an important item in our 
line. This product has U.L. approval for both 150 C and 200°C 
ratings depending uponthe application and conductor stranding. 
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REFRIGERATION AND 
béed. AIR CONDITIONING AWM 


a 
—j| Youcan depend on performance 
if Essex Wire 1s engineered into 
your products. Choose from this 
complete line of wires and cord 
for your refrigeration and air 
conditioning equipment. 


THERMOPLASTIC (E) This very simple but effective 
polyvinyl! chloride construction, with insulation applied 
directly over the conductor is oil and flame resistant; has 
a high dielectric and mechanical strength, strips easily 
fromthe conductor, and colors are bright and permanent. 
It is produced with several temperature ratings and has 
both U.L. and C.S.A. approval. 


NEOPRENE (F) The Neoprene insulation on this wire 
is applied over atinned copper conductor to the thickness, 
required and designated for specific applications. Many 
prefer this oil resistant wire, available with either a 75°C 
or 90° C temperature rating, because of its pliable insula- 
tion. U.L. and C.S.A. approval. 


RUBBER (G) The 60°C and 75 C rubber insulation, ap- 
plied over atinned copper conductor, provides an excel- 
lent and economical appliance wiring material for internal 
wiring where no extra protection against oil and higher 
temperatures |S necessary. U.L. and C.S.A. approved. 
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SEX COMP 
ONENTS THAT PUT LIFE IN YOUR 
PRODUCTS 


CTR MERCY Gs 


SPT 
Ce LOMa mT Taal 
sup 


:) 

CLM Cer tae, 
ee Met: me sin all 
Cee Sah Le 
Coiled Cords 
and Types 


Uke me | 
in HPN. Type SP 
1 Ae | 
onc | V. SJ; covering 
ull appliance range is 


CORDS, LTD 


Wire and Cable D 
Se ee) ‘s © 
CLE mary : 


Industrial Plastics 


— and rigid vinyl ex 
a shapes and foam cus 
Jesigned and 
vol 
manufactured to meet saa 
co eT ttf: 
act needs. Now producing 


ee ac 
IO 
ene industrial ap 


Carolina Ind 
ta ——— 
Sema) ; 


Cam Umer er 


E 2 
LECTRICAL MANUFACTURING 





and quickly... select from the — 


‘ESSEX “STAND 


in appliance wire and saad ; 


‘ 


il 
meee TOSS 


ess SS SD 

’ 
ry : cf 
Saad 
Set SA NS 
ROO 
iJ 

ao 


— 
aN 


yy POWER 
S. SUPPLY CORDS 


a ; 4 
a2 Your requirements for refrig 
aA erator or air conditioning 


power supply cords can be 
adequately met with an Essex flat 
parallel cord that is designated by Under- 
Essex offers you 4 complete writers’ Laboratories as an SPT-3 Cord. 
line and the choice of 
rubber, neoprene, or plastic 
constructions, the cord best C.S.A. approved polyvinyl 
suited for your application. insulated power SUPPIY 
cord that can be 


produced in numef- 


ous attractive colors 
to blend in with the Here is a wire designed for 


appliance. The center use in the refrigeration 

or ground conductor industry, for electric pads 

in the 3 conductor and many other purposes wit 

- a construction is a 

NEOPRENE (!) Neoprene cords are identified separately insulated an alloy that assures greater strength, 

by U.L. as types SO and SJO. Provides high re- wire with 1/64” and an insulation compound that 
resists the constant subjection 


sistance to oil, grease and alkalies. It is particu- insulation thickness. 
larly suitable for industrial uses. U.L. approved. to heat from the resistance core. 


A parallel 60°C U.L. and 


RUBBER (H) Types S, SJ and SV portable and 
supply cords are made with high quality rubber 
insulation and jacket materials. Smooth flexible, 
tough and abrasive resistant, will provide years 
of trouble free operation. 


THERMOPLASTIC (J) ST, SJT and SVT ther- 

moplastic insulated and thermoplastic jacketed THERMOPLASTIC, 

cords are not affected by oils and greases are Thermoplastic-Nylon 

highly resistant to alcohols, acids and most This refrigerator heater wire has afine 

chemical solvents. : No. 34to No. 40 AWG alloy resistance 

wire wrapped spirally over a high tena- 

city 20-pound Fortisan textile core. it 
is available with either of two thermo- 
plastic insulations, with or without @ 
003” nylon jacket. U.L. approved. 


aS a 
— P,4 Industrial Wire Products 


W 
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98.5% survival 


That’s the life-test record of General Electric low-current 


GERMANIUM 
Low 
CURRENT 


SILICON 
Low 
CURRENT 


SILICON 
Low 
CURRENT 


FEATURES 


Alloyed junction type combining very 
low forward resistance with high back 
resistance 


Single and double-fin units 


Designed for high operating 
temperatures and low reverse current 


Designed for moximum forward 
conductance at high operating 
temperatures (165°C) 


Similar to 1N536 series but with very 
low reverse current. Ideal for magnetic 
amplifier applications. 


Less expensive versions of 1N536 series 
for lower temperatures (140°C) 


Lower current and temperature 
operation (100°C) than any of above 
series; very economical 


Similar to 1N440B series 


1N599 series similar to 1N540 series; 
IN599A series similar to 1N440B series. 
Forward current ratings are somewhat 
lower. 


Same as 1N540 series except stud 
mounted; maximum forward conductance 
at high operating temperatures 


One of the first stud series, 
JAN1N256 units available 


Same as 1N440B series, except stud 
mounted; extremely low reverse current; 
well suited for magnetic amplifiers 


JEDEC 
or 
G-E 
TYPE NO. 


IN9] 
1N92 

1N93 
USNIN93 
NIST) 
IN152 


IN153 


JSAFINS38 
1N539 
N54 


JSAFINS4 
INS47 
IN1095 
IN 10 96 
Nad0 
N440B 
IN44] 
IN441B 
1N442 
1N442B 
N44 
IN443B 
IN444 
IN444B 
IN445 
IN445R 


MAXIMUM 
Ide ot 
7c 


150mo at 55°amb. 
100mo ot §5°omb. 

at 55°amb 
at 55°amb. 
500me ot 55°amb. 
500mo at 55°amb 


ot 55°amb. 


MAXIMUM 
1 Cycle 
(60 cps) 

Surge 





1N1492 


IN1101 
1N1102 
IN1103 


10 

at 100 “omb 
300mo ot 100°amb 
250ma at 95°omb 

| ~ 600ma ot 100°C amb. 

600mo at 10) 
400me ot 100°C amb. 
600ma 
500ma 
500ma at 100°amb 
500me at 100 °amb 
500mo at 100°amb. 





1N599(A) 
1N600(A) 
1N601(A) 
1N602(A) 
1N603(A) 
1N604(A) 
IN6O5(A 

1N606/A) 


INTHS 
IN1116 
IN1117 
IN1118 
INTHI9 
1N1120 
1N253__ 
1N254 
1N255 
1N256 
1N550 
1N551 
1N552 
1N553 
1NS54 
1NSSS 


400me at 100°omb. 
400me ot 100°amb 
400mo ot 100°amb. 
400ma ot 100°omb. 
400mo ot 100°amb. 
400mo ot 100°amb. 
___ 400ma at 100°amb. 
400mo ot 100°amb. 


1.5A ot 85°stud, 
1.5A at 85°stud. 
1.5A ot 85°stud 
_1,5A at 85°stud. 
__1.5A at 85°stud 
1.5A ot 85°stud. 





1000me at 
400mo ot 
400mo at 
200m ot 
800me ot 
800mo ot 
800mo ot 
800mo at 
600ma at 
600me ot 


135°stud. 
135°stud. 
135°stud. 
135°stud 
135°stud. 
135°stud. 
135° stud. 
135°stud. 
135°stud 
135°stud. 
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MAXIMUM 
Storage 
TEMP. 

‘¢ 





t 25,000 hours! 


germanium rectifiers (Type 1N92); and silicon (Type IN538) 
is even higher for 10,000 hours 


General Electric low-current rectifiers have earned a repu- 
tation for reliability without equal in the industry. The 
table below is just a sample of the numerous life test studies 
which prove out the superior reliability built into all G-E 
rectifiers. 
Moximum Forward Conductance 

General Electric low-current silicon and germanium recti- 
fiers are designed for maximum forward conductance at 
high operating temperatures. High current loads are carried 
without external heat sinks. Reverse current at maximum 
junction temperature is maintained at an extremely low 
level, making these devices ideal for low-leakage applications. 


Minimum Forward Voltage Drop 
Minimum forward voltage drop and a hermetically sealed 
case have combined to produce low-current rectifiers whose 
reliability exceeds all known existing MIL specs. A com- 
parative study shows that these G-E devices have the highest 
maximum full-load 
operating temperatures of those products tested. 


resistance to thermal runaway at 


FEATURES 
SILICON 
Low 
CURRENT 


A widely used line similar in most 


respects to 1N1115 series 


1N607 series similar to 1N115 series; 
IN607A series similar to 1N550 series 


SILICON 
MEDIUM 
CURRENT 


20 ampere range. High junction 


Stud Mounted Cells. Designed for 2 to 


temperature ratings, very low forward 
voltage drop and thermal resistance. 


Choose the performance range you require from one of 
the most comprehensive low-current rectifier lines in the 
industry (see chart at left). Complete specifications are 
available from your General Electric Distributor or G-E 
Semiconductor District Sales Office. In Canada: Canadian 
General Electric Co., 189 Dufferin St., Toronto, Ontario. 
Export: International General Electric Co., 150 E. 42nd 


Street, New York, N. Y. 
General Electric rectifiers are in stock at your local G-E Distributor 


Survival Dcta From Ope.ating and Elevated Storage Tests 


*Percent 
Survival 


Type Curre vt 
of Unit PIV (ma) 


1N92 
Germanium 


Type No. 
of Test of Units 


200V 98.5 @ 


25,000 hrs. 


Operating 
at full load 


1N538 
Silicon 


99 @ 
10,000 hrs. 


Operating 

at full load 
plus elevated 
storage life 


*Percent survival no. of good units x 100 


total no. tested 


JEDEC MAXIMUM 
or 


MAXIMUM 
G-E ide ot 
TYPE NO. re 


400ma at 150°stud. 
~ 200ma et 150°%stud. 
400ma at 150°stud. 
~ 200me ot 150°stud. 
400ma ot 150° stud. 
200ma ot 150°%stud. 
400mo ot 150%stud. 
200mo at 150°%stud. on 
400ma at 150°stud. 
_200me ot 150°%stud. 
400me at 150°stud. 
200me ot 150°stud. 
400ma at 150°stud. 
“200me ot 150°stud. 
; 400ma at 150%. 
~ 200ma at 150°stud. 
135 °stud. 
135°stud. 
135%stud. 
‘135% stud. 
135%stud. 
135°stud. 
N3S°stud. 
135°stud. 








25A at 145° stud. 

25A at 145°%stud. 

25A ot 145°stud, 
__25A at 145° stud. 

25A ot 145°%stud, 

25A ot 145°%stud. 


GENERAL @@) ELECTRIC 


Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Upgrading a product 


Good « Plenty of distributor caps are 
molded of Durez general-purpose phe- 
nolic. When cost is a prime factor, 
general-purpose does the job and does 
it well. 


Best « However, if you’re shooting for 
something extra in a distributor cap (or 
in almost any electrical part), take a 
look at Durez 2271.This is an electrical- 
grade phenolic. A %” test disk of it 
withstands 12 kv at 180° F in air for an 
hour or more without puncturing. The 
cost of this extra performance is low: 
weighing less than comparable elec- 
trical-grade materials, 227/ gives you 
more pieces per pound. 


Good « You'd be right in choosing 
Durez 791 Black for a piece like this 
telephone handset. You’d be able to 
count on low molding cost because of 
791’s fast cure. You’d get the required 
physicals in good balance. And the 
price of this wood-flour-filled material 
is low. 


Best « Then why do telephone men 
favor a different material, Durez 17225, 
for handsets? Because this wood-flour- 


48 


and-flock-filled material provides even 
higher resistance to impact fractures. 
The rich black finish presents an un- 
yielding front to moisture and body 
acids. Bonus: a part that more than 
meets the specs—for fractions of a 
penny per piece. 


We could go on and on giving you case 
histories like these. Have you looked 
into the extras you can build into a 
product—at next-to-invisible cost—with 
Durez molding materials? To get a bet- 
ter idea of what these compounds can 
do for you, send for our illustrated 8- 
page Bulletin D400 listing properties, 
uses, advantages. 


CONSOLITE (CONSOLIDATED GENERAL PROD 


Safer skylight 
Here’s a plastic skylight that retards fire. 

It’s made for use in hazardous loca- 
tions or wherever building codes are 
exceptionally strict. 

The material is fibrous-glass-rein- 
forced Hetron®. It will ignite only un- 
der direct hot flame, and snuffs out as 
soon as the flame source is removed. 

Weighing only half a pound per 
square foot, the skylight material will 
support a uniform load of 150 pounds 
per square foot. It is thermally stable 
from —65° to 200°F, and has great 


e Something extra in molding 
compounds 


e Fire-retardant structural plastic 
e News notes for designers 


On keeping abreast 


How can a man keep up with all 
that’s new in thermosetting plastics? 

Well, it isn’t easy. But we can 
help. We mail out every 60 days a 
bulletin, Durez Plastics News. You 
can read it in 10 minutes. It gives 
a bird’s-eye view of what’s new in 
the use of Durez plastics. Every 
item is news—hot off the presses of 
leading molders the country over, 
whom we visit regularly. 

To get this bimonthly packet of 
ideas and information, just check 
the coupon. 


strength and shatter resistance even at 
subzero temperatures. 

Its thermal conductivity is only % 
that of glass, yet it can transmit % as 
much light as glass without glare. It 
delivers greater insulating effect than 
other skylight materials, at lower cost. 

Could any of these attributes help 
you design a better product? Hetron® 
is hard at work already in radomes, 
chemical ducts, blowers, boat hulls, 
housings, fume hoods, window panels, 
canopies. Data on _ self-extinguishing 
Hetron resins is yours for the asking. 


For more information on Durez materials mentioned above, check here: 


Phenolic molding compounds (8-page Bulletin D400). 


() Hetron fire-retardant polyester resin (data file). 
(] Durez Plastics News (mailed bimonthly ). 


Check, clip, and mail to us with your name, title, company address. 
(When requesting samples, please use business letterhead.) 


DUREZ p.iastics Division 


303 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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... design leadership 


Save Mounting Space 
and Installation Time 


With this... 


UICICLMI UNA LEL) \e 
PUSH BUTTON » aE 


light combined in one 
compact, oil-tight device 


# Full heavy-duty con- 
A Compléle LINE OF OIL-TIGHT CONTROL UNITS tact rating 


t Pressure connections 
eliminate internal wires 


t Clearly marked ter- 
minals for easy wiring 


Standard Button Mushroom Button Selector Switch Coin-operated 
Selector Switch t Button guard avail- 
able to prevent accidental 
operation 


t Full range of voltage 
ratings 


operated j ™ é 
Selector Stop Button eG Push-to-Test t Choice of 6 colorcaps 
Switch Lockout Start Button Pilot Light 


Lockout Maintained Contact 
Attachment #@ Same single-hole 
mounting as other oil-tight 
units 


Selector Switch Wobble Stick 
with Gloved Operator Extended Guard 
Selector Switch Hand Operator Button 


Padlock 
Neoprene 


Attachment 
Selector-Push Cap 4-Position Wide Range of Enclosures and 
Button Joystick Operator Contact Blocks Assembled Stations 


i) SQUARE J) COMPANY 
wherever electricity is distributed and controlled 
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How Belvidere Manufacturing Co. Made an 


80% Cut in Handling and Material Costs! 


With J-M Dutch Brand Tape 


J-M Dutch Brand Plastic Electrical Tape 
proved practical and inexpensive for Belvi- 
dere Manufacturing Co., of Belvidere, Illinois. 
High costs made necessary the need for re- 
placement of *‘zip tubes’”’ which enclosed twin 
cable harnesses in their Tint-A-Matic Paint 
Blender. Belvidere and J-M Dutch Brand 
engineers jointly solved the problem—and 
cut costs up to 80°,—with automatically 
tape-wrapped harnesses. 


Dutch Brand Plastic Electrical Tape may be 
the answer you seek, too. Providing efficient, 
low-cost insulation with 150°% stretch and 


ability to conform readily to irregular sur- 
faces, Dutch Brand Plastic Electrical Tape as- 
sures maximum versatility and performance. 


Size and width varieties, too, permit top tape 
economy for each job— general usage, heavy 
duty protection and use with power-driven 
taping machines, or extra heavy duty where 
abrasion and wear are encountered. 


See how Dutch Brand Plastic Electrical Tape 
can save you time .. . while it saves you 
money. Write today for free booklet giving 
dozens of time-saving uses of Dutch Brand’s 
Big 4 Electrical Tapes. 


JOHNS-MANVILLE DUTCH BRAND DIVISION 
7800 S. Woodlawn Avenue, Chicago 19, Illinois 


In Canada 


Johns-Manville Co., Ltd., Port Credit, Ontario 


JouNns-MANVILLE 
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ol aE Ac 
QUALITY 


: 4 good reasons 
why you should use 
SIRIDITE) 
Chromate 
Conversion Coatings 


ON YOUR ZINC OR CADMIUM PRODUCTS 


CORROSION PROTECTION 


The wide range of Iridite coatings available gives you a 
choice of corrosion protection—from economical, mild pro- 
tection of parts for shipment, storage or display, to ex- 
tremely high protection under exposure to marine and highly 
humid atmospheres, gasoline or other hydrocarbons. 


PAINT BASE 


For an extremely tight bond for either baked or air-dried 
paints, non-porous Iridite blocks moisture penetration— 
prevents formation of metallic soap products beneath paint 
coatings. 


APPEARANCE 


Your choice of colors ranging from clear through yellow 
iridescent to olive drab. Bright Iridite finishes can also be 
dyed to provide other color effects. 


SPECIAL EFFECTS 


Iridite, in combination with other Allied Research processes, 
can provide a wide variety of finishes. As an example, 
Iridite 8-P applied to zinc or cadmium, followed by an ap- 
plication of Irilac, gives a highly attractive simulated brass 
finish. 


IRIDITE—a specialized line of chromate conversion coatings for 
nonferrous metals. Easily applied at room temperatures with short 
immersion times, manually or with automatic equipment. Forms a 
thin film which becomes an integral part of the metal. Cannot chip, 
flake or peel. Special equipment, exhaust systems or highly trained 
personnel not required. 


For complete information on Iridite, con- 
tact your Allied Field Engineer. He's listed 
in the yellow pages under "Plating Sup- 
plies.” Or, write for FREE TECHNICAL DATA 
FILES. 


Allied Resear ch Pr oducts, I TUC. 4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE @ DETROIT 3, MICHIGAN 
West Coost Licensee for Process Chemicals: 1. H. Butcher Co. 


Chemical and Electro iim ® qi” ISOBRITE J qriLp° er» 
” chemical Processes, Anodes, 


h : ‘ : 
Rectifiers Equipment, ond Supplies for Metal Finishing Caremates Cootings Brighteners Supplies Equipment 
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Vendbbde 


HIGH TEMPERATURE 


CABLE 
CAPABILITIES 


Our experienced Design Engi- 
neers specialize in cable and 
cable assemblies utilizing Tef- 
lon® insulated hook-up wire 
(large and small), solid core 
and air dielectric coaxial 
cable, shielded and jacketed 
multi-conductors—or any com- 
bination of these. 


Many leading aircraft and 
electronic manufacturers are 
taking advantage of Tenso- 


lite’s cable design and produc- 
tion facilities. Let us work 
with you in translating your 
requirements into highly reli- 
able jumbo cables and cable 


assemblies. 


ENAMELED PRODUCTS 
High temperature magnet wire—and 
other enameled wire products—must 
be produced under exacting dust-free 
conditions. To assure this, Tensolite 
recently set up its Mechtron Division 
ina pesos and specially designed 
plant. Tensolite is the only manufac- 
turer to provide this assurance of 
and high quality. 


FREE 


Valuable New Catalogs! Just clip this 
to your calling card or letterhead! 


Please RUSH me your new: 

_] Wire, cable, cable assembly catalog. 
[_] Magnet wire catalog. 

(] For Reference Only. 

(_) Have Representative Contact Me. 
Bene e Hee eS eee ee ee oe 


Ventbbde 


HIGH TEMPERATURE 


WIRE 
AND CABLE 


HOOK-UP Wire —Mil Spec & Thin Wall 


Teflon — Extruded, Spiral Wrapped, 

and FLEXOLON wire 

Types E-EE to MIL-W-16878 and 
NAS-703 (—90° to +250°C) 


Vinyl — Extruded, and parallel 
wrapped 
Types B-C to MIL-W-16878 and 
NAS-702 (—55* to F105°C) 
Types LW-MW to MIL-W-76A 
(—40° to +80°C) 
Super-flexible wire (—40° to +60°C) 
COAXIAL CABLE 
Solid Core and Air Dielectric 


Designed to MIL-C-17B 
RG Specs. (—90° to +250°C) 


MULTI-CONDUCTORS 


Standard and Custom Designed to 
Military and Industrial Specs. 


AIRFRAME WIRE 
Designed to MIL-W-7139 
(—90° to +250°C) 


MAGNET WIRE 
To Meet MIL-W-19583, Type III 
16 thru 50 AWG, ST, HT, 
TT, & QT (—90° to +250°C) 


OTHER PRODUCTS 


Asbestos Wire to Ribbon Cable 
MIL-C-25038 Shielded and 


Antenna Wise Unshielded 


Bondable Tefion 
Low Capacitance Wire - 
Cable High Strength 
‘ . Conductors 
Wire Coated with oi, 40) Biated 
Teflon (100X) Cond 
FEP Rein. aa 
earing Aid 
Tone Arm Wire Cordage 


Venttlde 


INSULATED WIRE CO., INC. 
A subsidiary of Carlisle Corporation 

West Main Street, Tarrytown, N.Y. 

Pacific Division: 

1516 N. Gardner St., Los Angeles, Calif. 


®DuPont 


See us at Booth 4330 at the I.R.E. Show 
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MINIMUM O.D.! NARROW WIDTH! 


MAXIMUM BORE SIZE! 


Hoover announces 3L00 extra light bearings 


Now, America’s quality bearings come in com- 
pact proportions designed to save space! Hoover’s 
new 3L00 series extra light ball bearings provide 
the solution to bearing problems calling for maxi- 
mum bore size and minimum housing area. They 
have outer diameter and width dimensions that 
are substantially smaller than those of standard 
light, medium or heavy series bearings of equal 
bore size. 

Hoover 3L00 extra light ball bearings are 
available in a wide range of popular sizes in open, 
shielded and sealed types, including lubricated- 
for-life bearings with Hoover-developed contact 
seals of TEFLON. For complete information, return 
the coupon below. 


Oouer 


BALL AND BEARING COMPANY 

‘ 5400 South State Road, Ann Arbor, Michigan 
Zone Soles 8581 South Chicago, Chicago 17, Illinois 
Offices and 290 Lodi Street, Hackensack, New Jersey 
Warehouses 2020 South Figueroa, Los Angeles 7, California 
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Hoover quality is outstanding! 


Micro-Velvet balls are made of 
selected high-carbon chrome alloysteel, 
uniformly hardened, and finished so 
perfectly that roundness and diameter 
are accurate within millionths of aninch. 

Hoover Honed raceways, on both 
inner and outer rings, are super-smooth, 
superbly finished. Precision matching 
of ball complements and raceways 
assures hushed quietness, long life, 
superior Hoover performance. 

Micro- Velvet and Hoover Honed are Hoover trademarks. 
TEFLON isa DuPont trademark for its fluorocarbon resins. 
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Single-source supply 
for all of your 
production welding equipment needs 


Complete welder packages you can just plug in. 
Reliable—Easy to operate—Easy to maintain. 


complete 


nd accessories, 


Division, 2020 S 


For export informatic 


ple ase write; 


Hughes Internatior 


Culver City, Califor 


Ti 


ir production line, 
m gauge (0.0001” 


and mediu 
yntrol for reproducible welds. 


ss spoilage—more profit for you. 


ials: stainless, molybdenum, 


um, copper, Kovar, or other sophisticated alloys 


elded honeycomb structures, components, cCir- 
surgical or dental apparatus— 
ete line of VTP welding 


, jewelry, optics 


+ \r 
» the comr 


on your production line offer you un- 


ty plus longer life, greater reliability and easier 
rmation on the full line of VTP welders, controls 
write today to: HUGHES, Vacuum Tube Products 


hort Street, Oceanside, California. 


Crea ating a new world with ELECTRONICS 


VACUUM TUBE PRODUCTS DIVISION 


VTw-9 ee 
Welder: For light gau 
materials ) 
Continuous dut y. Output : 
20 nati ; per second. 


(.0001-.00 


VTW-501 Cabinet 
Seam/Spot Welder: For 
high production, heavy 
duty work. Single spot; 
60/120 spots /sec. 5.0 KVA. 


VTW-601 Cabinet 
Seam/Spot Welder: For 
heavier duty work (to .05”) 
Single spot; 60/120 spots 
per second. 10/20 KVA 
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VTW-14 Shielded-Arc 

Welding Control: Inert 

gas arc welder. Range: 
”-.015”; 0.25-15 amps. 
mps. intermittent). 


m_ 


VTA-24 Tong Welding 
Handpiece: Weld pres- 
sure continuously adjust- 
able from 0.5-25 pounds. 
3 different tip angles. 


VTW-1M Mobile Cabi- 
net Spot Welder: 1-20 
spots per second. 5.0KVA 
Usable with any VTP hand 
piece or welding head. 


ELECTRICAL MANUFACTURING 





Available in two types: 
TYPE © Moisture Proof 


@ Shock Insulated 
@ Dust-Tight 


Pt © Corrosion Reston? 


ENVIRONMENTAL ® Grounded & Non-Grounded 
TYPE | 


@ All Features of RPE Plus . . . 
© Circuit Breaking 


r ®@ 


ELECTRICAL CONNECTORS 


© Foolproof polarization ¢ Errorless assembly 
@ Maximum interchangeability ¢ Environmental: 
Exceed rigid military and industrial requirements 
for resistance to corrosion, chemicals, high and low 
temperatures, pressure, shock, vibration, dust, 
humidity, moisture, and leakage of air. 


POSITIVE POLARIZATION 


Completely foolproof: plug can be mated only with 
proper receptacle, and in only one way . . . the right 
way. Unsymmetrical contact arrangements preclude 
improper mating of contacts, or mating of unmatched 
contact configurations. 


FAST, EASY, ERROR-FREE 
ASSEMBLY 


Polarization keyways and unsymmetrical contact 
arrangement in insert assemblies make improper assem- 
bly of parts impossible. One-piece ‘snap-in’ connectors. 
Soldering is done outside ...before insertion of contacts. 


SEALED AGAINST 
ENVIRONMENTAL FACTORS 


‘Stack’ assembly includes silicone rubber wafer for 
impenetrable seal against water, vapors, dust, gas. Basic 
shells, other metal parts are high-strength extrusions of 
aluminum alloy, anodized for corrosion, abrasion resist- 
ance: 1800 volts are required to penetrate this coating. 


MAXIMUM INTERCHANGEABILITY 


Components in each diameter are interchangeable 
and reversible, doubling scope of equipment. Male and 
female shells take either pin or socket inserts: both plu 
and receptacle may be used ‘hot’ or ‘dead’. Pin a 
socket configurations available in wide range . . . specials 
supplied on request. 


SHELL SIZES and 
ELECTRICAL RATINGS 


Four shell sizes: from 1-1/16” to 2-9/16” 
diam. Voltages: Military Service Ratings; 
A, D, E, B, C and Instrument. NEC Rating: 
600V. A.C. Contact sizes: #16 to #4/0 in- 
clusive. Write for Bulletin 2711 containing 
complete descriptions, specifications and con- 
figuration patterns for both Type RPE and 
RPC ARK-trol Electrical Connectors. 


HINDS 


NEW YORK 


OFFICES: Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
los Angeles Milwaukee New Orleans New York Omaha Philadelphia Pittsburgh Portland, Ore. St.Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 
RESIDENT REPRESENTATIVES: Albany Baltimore Reading, Pa. Richmond, Va. 

CROUSE-HINDS COMPANY OF CANADA, LTD., TORONTO, ONT. CROUSE-HINDS INSTRUMENT COMPANY, INC., SILVER SPRING, MARYLAND 
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Switch capsule of the new Clareed Sealed Contact 
Reed Relay consists of a pair of magnetically 
operated contacts, hermetically sealed ina 
glass capsule, in an atmosphere of inert gas. 





—— 


SPECIFICATIONS Milliseconds (including bounce) 


Watts to Just Operate 
Contact Arrangement: Normally form A, form B, in combina- Switches Operate Excess NI over P.U. 
tion form C per Coil Typical Coils 100 200 Release 


Overall length: 3-% in. max. 1 0.25 1 0.8 0.25 
Outside areata 0.215 in. max. 0.30 1.5 0.9 0.25 
Contact material: Gold 0.35 99 1.5 0.25 


Contact rating: 15 volt-amperes max., non-inductive: 1 amp. 
max.; 250 volts max. 0.42 3.2 2.2 0.25 


Contact resistance: 25-40 milliohms. 0.52 3.5 2.5 0.25 
Life expectancy: At 14 volt-amperes (4 ampere, 28 volts dc), 0.8 5 3.5 0.50 


20,000,000 operations. 
At 7 volt-amperes (% ampere, 28 volts dc), 1.5 6 5 0.50 
100,000,000 operations. 3.5 8 6 0.50 


Minimum breakdown voltage: (60 cps) 500 volts rms. 
Insulation resistance: 500 k megohms min. At 200 Nt 08 
Low level load test: 8 microamps, 800 ohms, 250 millivolts, CONTACT SOURCE _—— ee renee 


open circuit operated at 3 ips, 100 million At 400 excess NI 0.8 ms max. 
operations with no failures. No bounce on release. 


At “just operate” 0.3 ms max. 





{ 
| 
{ 
| 
} 
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.CLAREED 


a New Concept in Relay Design 


The new CLAREED Sealed Contact 
Reed Relay effectively eliminates 
contact contamination. With its 
contacts hermetically sealed in con- 
taminant-free inert gas, this new 
design assures millions of perfect 
operations. Hundreds of millions 
are possible when operated at up to 
¥% rated contact load. 


CLAREED relays are ideal compo- 
nents for transistor drive applica- 
tions and for use in computers and 
data processing equipment. Their 
low inductance and the low induct- 
ance change in the operating coil at 
each operation limits the transients 
produced. Submit your packaging 
problem for recommendations. 


e PACKAGED TO MEET YOUr REQUIREMENTS 


Ten CLAREED switches, 
mountedinlineona 

printed circuit board with 

five magnetic coils. This Six CLAREED 
assembly can then be en- switches clus- 
closed in the flat, rec- tered for 
tangular container or it mounting in a 
may be coated with single tube 
“‘Skin-Pack,"’ a tough container. 
vinyl plastic, and 

mounted directly into 

your equipment. 


- 
a . 
= 
E 
& 
= 
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Important features of CLAREED relays are their simplicity 
and flexibility. They may be mounted to meet the require- 
ments of almost any application and environmental con- 
dition, even on your own printed circuit board—to comply 
with your mechanical design configurations. 

CLAREED relays are as flexible as your application requires. Consul- 
tation with your nearby CLARE sales engineer is invited. Additional 
information may be obtained from C. P. Clare & Co., 3101 Pratt 
Blvd., Chicago 45, Illinois. In Canada: C. P. Clare Canada Limited, 


Box 134, Downsview, Ontario. Cable Address: CLARELAY. Send for 
Bulletin CPC 5. 


IRE SHOW 


New York Coliseum 
March 21-24 


BOOTH NOS. 
2218 & FIRST 
2220 in the industrial field 
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Alcoa Aluminum 
...asy to join 
by any method! 


By incorporating Alcoa® ‘Aluminum into your prod- 
ucts, you'll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. For example 
Alcoa Aluminum is low in cost... lighter in weight 

. easier to handle... nonmagnetic . . . corrosion 
resistant ... strong in alloys... offers more current- 
carrying capacity per pound .. is easy to'spin, form, 
bend, roll... can be cast, forged, extruded or drawn. 

Ask your Alcoa sales engineer to show you how you 
can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-C 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Inert Gas Welding of Alcoa Aluminum with either tungsten or consum- 

able electrodes is fast, simple and results in sound welds with good 

surface appearance and shape. No flux is required. There is practically t Your Guide to the Best 
no spatter, and these methods are perfectly adaptable to either con- 7 

tinuous or job-shop production. With consumable electrode welding, a 

great amount of heat can be concentrated in a small area. Tungsten 4 F d 

electrode welding is more versatile for complicated position welding. " 

Welding materials and technical assistance are readily available from For exciting drama watch “Alcoa Presents” every Tuesday, ABC-TV, and 


Alcoa or your local Alcoa distributor. 


the Emmy Award winning ‘Alcoa Theatre’’ alternate Mondays, NBC-TV 
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Where can you use an ESNA Clinch nut? 


bid 


V/A VW; 


TO PROVIDE LOAD-BEARING THREADS IN TO PROVIDE HIGHLY RELIABLE 
THIN SHEET METAL... BLIND FASTENERS... 


In sheets as thin as .030’, ESNA clinch nuts give you threads Where wrenching is impossible . . « Inside “black boxes” or 
where you need them. This switch assembly is a typical appli- for inaccessible applications ... such as this... ESNAclinch — 
cation of ESNA miniature clinch nuts. nuts are the ideal fixed, self-locking fastener, tS 


Why an ESNA Clinch nut? 


The reasons are simple: 


The ESNA clinch nut line includes sizes, shapes and ma- 
terials to fit any possible application. For example: 


PREFERRED INSTALLATION METHODS 


1. A weight-saving nut with very small dimensions that can 
be mounted “flush” in sheets as thin as .030”. (See the 
new miniature clinch nut designs on Pages 12, 14 of De- 
sign Manual No. 5803). 


A part with non-magnetic characteristics ... or with full 
self-locking reliability at temperatures as high as 900° F. 


ND T A P : : i 
a dal ae atin me = ae fone (Check ESNA’s A286 stainless steel miniatures on Page 


prototype assembly. power press. 15) . 
(Not recommended 
for volume production). A capped type of clinch nut that will keep screw threads 
free from potting compounds; or that can be used to pro- 
tect vital wiring from abrasion by protruding screw ends. 
(ESNA shows a full line of nylon or metal capped clinch 
nuts on Pages 10, 11, 13). 


ESNA Clinch Nut Design Manual, No. 5803, 7% 
will give you complete details on the full 

line of ESNA Clinch Nuts. Write to Dept. 
$39-922 for your free copy today. 


USE A HAND RIVETER USE A DRILL PRESS— © eo @®@ } 


—pressure oa “spinning” technique ~ mm 
by a gradual rovides highest 
‘Mall. . Type Type Type Type 


“squeeze,” vality installation Type Type 
a ¢ y “ NC NCK NCFM LHCFM NKCFM WNKC 


The ESNA line offers two locking devices: 


The famous red nylon locking collar for application at temperatures fo 
250° F.; and the offset locking oval for applications up to 550° F. and 900° F, 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 


and reliability. 


$39-322 for your free copy today. 
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ABSOLUTE MAXIMUM RATINGS AT 25°C 


Forward Current Ti 50 mA 
Minimum Breakover Voltage Tn j TSW-30 30V 

BB Btn) 
Reverse Breakdown Voltage FP ee er 

BB etn 
Sle) teu oe lie —65°C to 150°C 
Ambient Temperature Range —55°C to +125°C 


SPECIFICATIONS AND TYPICAL CHARACTERISTICS 
(At 25°C Unless Otherwise Stated) 

| Typical | Max | Mae ery 
Saturation Voltage caer 1.5 Yan ee iL 
PTR eR lp 48 140 uA | V. = 30V 
ae Le) eee ir | 10 7. V. = —30V 
ae me Le ee iF 20 50 wA | at 125°C 
Cae) eee Fy 20 | 50 pA | at 125°C 
Gate Voltage to Switch “ON VP) ee ee | Ri = 1K 
CeO CL, a ae 
Gate Voltage to Switch “OFF” | Vg Off} 1.2 ee CCC LL 
Gate Current to Switch “OFF” | I, Off} 7.0 | 10 Le Ce L| 
Holding Current ln 2.0 5.0 mA Ri = 1K 


SPECIALLY DESIGNED FOR: 


PME er a Mules me eee 
e Ring Counters 


Pema ie) it 
Peele Com me ets f ra aR i ron 
¢ Flip-Flop Equivalent 

OMS em Ler mes) Le) 


Eo announces a NEW computer element 
for: Greater Reliability. Circuit Simplicity 


THE RANSWITCH 


The TRANSWITCH is a new bistable silicon device that can 
be TURNED OFF with gate current. 


This PNPN latching device ‘‘remembers’”’ its last gate 
fella aY\ signal. High current gain, both turn-on and turn-off, leads 

3 : F to greater circuit simplicity and inherent reliability. Excel- 
>_ + Turn off lent linearity of electrical parameters over a wide current 
OR 10 range fulfills both low logic level and medium power needs. 


Turn on 


Sees 


Base Current 
Here is a unique device that replaces Two transistors plus 


resistors in most bistable circuits and permits increased 
Collector Current component density. 


ae sere 


Be sure 

to visit 
Transitron at 
the IRE Show, The TRANSWITCH is now available from TRANSITRON in 
New York— the popular JEDEC TO-5 package, ready to solve your 
Booths 1319-1323 switch-on-switch-off requirements. 


For further information, write for Bulletin TE-1357A 


Furthermore, the transwitch is FAST... requiring only 
0.3 microseconds to turn ON or OFF! 


‘Tra ngitron 


electronic corporation e wakefield, massachusetts 


“Leadership aD AT OO eho Kelas Serer MOMMA a REC COL MNRAE TR a acme WhaR AL: 
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MEASURING ROUNDNESS 


OF 
INSTRUMENT 
BALL BEARINGS 


By RICHARD E. AMIDON, Staff Engineer, Production Engineering Department 
New Hampshire Ball Bearings, Inc. 


Roundness of instrument ball bearings is a variable not covered 
by ABEC standards. Yet, it is an important factor in running 
quality. Since it is a very difficult variable to measure, except 
with costly equipment, most users must accept roundness 
on faith. 


Roundness can be defined as “‘equidistance of all points on a 
curved surface from a fixed center’. To measure roundness of 
a ball bearing component, therefore, you must establish its 
center and radius. However, since its center is not accessible 
as a point of reference, you must establish an “‘artificial’’ center. 
The closer the assumed or artificial center is to the actual center, 
the more accurate a given method of roundness measurement 
will be. 


What you’re really measuring is out-of-roundness, or deviation 
from a true circle. Such deviations are called lobing. There are 
three common ways of measuring out-of-roundness. 


THE TWO-POINT METHOD 

Most widely used of all measuring techniques is the method of 
measuring various diameters between two anvils as in a mi- 
crometer or two-point gage. The difference between the largest 
and smallest diameter is out-of-roundness. This method is 
accurate only if there is an even number of lobes of equal height 
and symmetrical spacing. Notice in the accompanying sketch of 
a three-lobed shape, all three diameters are equal... and the 
two-point method would indicate perfect roundness. 


THE THREE-POINT METHOD 


When an odd number of lobes exists, a three-point gage can 
be used to measure out-of-roundness. Variations are measured 
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by rotating the part between two fixed points at a known angle 
with each other and a movable point connected to an indicator. 
This method, which calls for calculations to convert indicator 
readings to true-out-of-roundness, is accurate only when the 
number of lobes is known and they are symmetrically spaced 
and equal in height. 


ELECTRONIC GAGING 


Fortunately for you, instru- 
mentation has been recently 
developed which measures out- 
of-roundness directly as radial 
variation with accuracy to 
several millionths of an inch. 
The part to be measured is 
chuck-mounted to a precision 
spindle and slowly rotated. An 
electronic gage head translates 
radial surface variations into a 
polar chart trace with deviations 
magnified as much as 10,000 
times. Comparison of the chart 
trace with concentric circles of known radii reveals absolute 
deviation from a true circle. New Hampshire Ball Bearings, Inc. 
was the first to use this instrument as a quality control tool in 
the laboratory and on the production line. Other instrumenta- 
tion used to assure the running quality of New Hampshire 
Bearings is described in our new Design and Purchasing 
Manual. 


POLAR CHART TRACE 


NEW DESIGN MANUAL 

Newly revised and expanded, this authoritative publication 

covers everything you need to know about applying and 
buying miniature and instrument ball bearings. 
Comprehensive general information, catalog data 
and engineering bulletins are included in its 
100-plus pages. Personally registered copies are 
available to qualified engineers, draftsmen and 
purchasing agents. Please send your request on 
your company letterhead. 


NEW 
BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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SILICONE NEWS from Dow Corning 


New EHasy-To-Use Varnish 


wal 


See eed 


New Dow Corning Varnish simplifies 
processing of Class H Transformers 


An all-new Dow Corning Silicone Varnish opens a new era of easier, 
quicker, lower-cost processing of silicone insulation systems for trans- 
formers. An example of its cost-saving advantages: this new varnish 
cures in only six hours at 150 C... develops its bond strength at 50 C 
less than conventional silicone varnishes. 


Now. because of this new Dow Corning Silicone Varnish, transformer 
builders equipped for Class A or B insulation systems are automatically 
equipped for Class H as well! 


And there are other advantages too! Runoff is very slight. Compared to 


other varnishes, new Dow Corning 980 Varnish gives adequate buildup 
to the desired insulation thickness while reducing varnish waste . . . cleanup 
time. Big savings in processing time and equipment maintenance can 
be ac hieved. 


Heat stability 
available. 


is even better than for silicone varnishes previously 
This new Dow Corning Varnish meets AIEE heat stability 
requirements for 220 C systems, resists moisture and is unaffected by 
many corrosive atmospheres. 


When used with other silicone components in units designed for higher 
temperature rise, Dow Corning Silicones help make transformers smaller, 
lighter, safer, more reliable and virtually maintenance-free. Write today 
for complete data on this new cost-saving silicone varnish. 
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Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. 


first in 


silicones 


Other Cost-Saving Advantages: 

In addition to curing in 6 hours at 150 C, 
Dow Corning 980 Varnish has excellent 
tank stability and will not soften, swell or 


© 


Some” es 
ete tS bs 
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deteriorate most insulating materials, in- 
cluding silicone rubber. The varnish affords 
good penetration and will not drip off coils 
or handling equipment to create a mainte- 
nance problem. Lower curing temperatures, 
less runoff plus other economies substan- 
tially reduce insulating costs. 


Dow Corning 
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..-other silicones aid performance 


Silicone-Glass Laminates Stay Strong 


Slot sticks made of silicone-glass laminates assure this 
Allis-Chalmers 2-hp, 3-phase, 1750 rpm motor maximum 
reliability, long service life in high ambient temperature 
applications. A typical application for this motor is on 
oven door opening devices where the ambient temper- 
ature is 250 F. 


Silicone-glass laminates retain their mechanical strength, 
high are resistance, low loss factor and low moisture 
absorption even after prolonged aging at 250 C... 
provide ideal structural-insulating properties. 
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Silastic Assures Timer Accuracy 


Even a minute 
change in the elas- 
ticity of the rub- 
ber diaphragm in 
this Square D 
pneumatic time- 
ai: = . delay relay would 
= - adversely affect 
Le accuracy. That’s 
ne why heat-and- 
cold-resistant 
Silastic®, the 
Dow Corning Silicone Rubber, was selected. This sensi- 
tive diaphragm enables the timer to give accurate delays 
ranging in duration from .05 seconds to 3 minutes... . 
regardless of changing climatic conditions. Parts molded 
from Silastic are exceptionally resistant to weathering, 
oxidation, ozone and temperatures from —70 to 250 C. 
They are available in almost any size, shape or color 
from leading rubber fabricators. 


“a pos i 


SILASTIC 
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Sylkyd Enameled Magnet Wire Cuts Bulk 


Easy-to-install Sylkyd® Enameled Magnet Wire elimi- 
nates needless bulk in high temperature insulation systems. 
Sylkyd coated wires are comparable in diameter to Class 
A insulated wires . . . allow a higher copper to iron ratio 
than fibre covered, high temperature wires . . . permit 
designs that supply maximum power per pound. They 
are performance-proved in 180 C insulation systems. . . 
will resist most chemicals, moisture, corona, dirt and 
many other environmental hazards. Sylkyd has long shelf 
life — won’t craze, soften or become brittle in storage. 
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Silicone Resin “Locks In” Performance 


Designed for maximum reli- 
ability, new Westinghouse 
removable stator canned 
motor-pumps like this one 
are used for better boiler 
circulation in controlled cir- 
culation conventional sys- 
tems. Similar pumps are 
used to circulate radioactive 
liquid coolants at tempera- 
tures up to 650 F in hermet- 
ically sealed primary coolant 
systems of nuclear reactors. 
End turns of stator coils 

* are potted in Dow Corning 

solventless silicone resin to insure a solid, void-free fill of 
coil interstices. These solventless resins are radiation 
resistant, withstand vibration, oxidation, corona and 
moisture despite continuous service at high temperatures. 


Circle 149 on Inquiry Card 


CORPORATION MIDLAND. MICHIGAN 


branches: arvana 


MARCH 1960 


BOSTON CHICAGO CLEVELAND OALLAS LOS ANGELES NEWYORK WASHINGTON,©.C. 


63 





New Century Electric single-reduction, right-angle gear- 
motor is smaller, lighter and more versatile than ever. 





New Century Electric 
Gearmotor 

combines compactness 
with dependable power 


Looking for a small gearmotor that is 
light and compact—yet able to handle 
heavy thrusts and the shock of sudden 
overloads? This new Century Electric 
single-reduction, right-angle shaft gear- 
— may be the answer. Here are the 
acts: 


Smaller and lighter. You can cut as 
much as 20 pounds from the weight of 
any product .. . in the hp size, for 
example, this gearmotor weighs only 23 
lbs. New insulating materials and new de- 
signs make more compact motors... . 
new gearing and oil seal systems make 
gear housing smaller. Result: savings of 
about 50 percent in overall size. 


Dependable power. Both motorsand 
gearhead are built by Century Electric 
. .. means this gearmotor is backed from 
one source. Single-phase motors include 
capacitor start and split phase types. 
Polyphase motors are squirrel cage de- 
sign. 

Little or no service is needed because of 
features like: 


High quality gues system— Worm 
gear is made of tough silicon bronze. 
Worm is made of hardened, high-grade 
steel. Both can withstand sudden shocks 
and overloads. 


Dependable sealing system—No 
oil can get from gears into motor and 
cause costly shutdowns. A face-type seal 


with spring backing is used on the high 
speed shaft. A lip-type seal is used on 
the low speed shaft. 


Output-shaft roller bearings—Rol- 
ler bearings on output shaft provide 
reserve strength so motor can handle 
heavy radial and thrust loads and sud- 
den shocks of overloads. Bearings are 
precisely aligned so worm and worm 
gear operate efficiently and quietly. 


All-angle oiling—No matter at what 
angle motor is mounted, the worm or 
worm gear is always dipping in oil—so 
gears are always well lubricated. Means 
less wear and longer life. 


Versatile mounting. You have com- 
plete freedom in mounting. Here’s why, 
The gearhead can be assembled in four 
different positions in relation to the 
motor (the diagram below shows three 
of these positions) . . . shafts can extend 
from either or both sides of the gear- 
head . . . oiling and sealing systems make 
it possible to install gearmotor at any 
angle. 


You can get more information from 
your nearest Century Sales Office or 
Authorized Distributor. Variations are 
available to fit specific design needs. For 
a copy of the new Century Electric 
Motor Application Guide, write for bul- 
letin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


Both polyphase motors and single phase, ca- 
pacitor start motors are available in the new 
Century Electric gearmotor. 
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Three of the four possible mounting posi- 
tions of gearhead . .. shaft can be extended 
from opposite side in all cases. 





COMPACT, RELIABLE, VERSATILE... 


this is PaB’s miniature MH relay 


The MH is not a new relay. 

As a matter of fact, we’ve been building 
and selling this series for seven or eight years. 
Its reliability and exceptional longevity 
have been proved in business machines, air- 
borne computers and a host of other products. 

Engineers like its fast action, its small 
size, its light weight. They like the wide 
selection of contact forms. ..up to 18 springs 

9 per stack, DC) as well as the fact MH 
relays can be furnished to switch loads rang- 
ing from dry circuit to over 5 amps at 115 
volts, 60 cycle resistive. 

A multiple choice of terminations add to 
the MH’s versatility. This relay, for example, 
can be adapted for printed circuits, fur- 
nished with taper tabs or a long list of other 


le may ot 
man 


FOR OC 
—— RELAYS 

FOR AC 
“= RELAYS 


MH ENGINEERING DATA 


GENERAL: 
Breakdown Voltage: 500 volts 
RMS between all elements. 


Ambient Temperatures: —45° C 
to +85°C.(—65°Cto +125°C 
on special order.) 

Shock: 30g on special order. 

Vibration: 10g from 55 to 500 
cps.; .065” max. excursions from 
10 to 55 cps. on special order. 

Weight: 2'/2 ozs. max. (open relay) 

Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP #78). 


CONTACTS: 


Arrangements: Up to 9 springs 
per stack. 


Material: Ye" silver standard: Palla- 
dium or gold alloy also available. 


load: Dry circuits to 5 amps @ 
115V AC res. 


COILS: 
Resistance: 22,000 ohms max. 


Power: 100 mw per movable min 
to4 watts at 25°C max.(200 mw 
min. to meet max. shock /vibration 
spec.) 


Duty: DC: Continuous. AC: Inter- 
mittent (Two pole relay max.) 
open. Sealed units supplied with 
full wave rectifier inside can. 


Voltages: DC: Up to 110 volts. 
AC: Up to 230 volts 60 cycles. 


The relays below are variations of the MH relay structure. 


MB CONTACTOR 2” 
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MH SEAL-TEMP 


terminals. Get all the facts by calling your 
nearest P&B sales engineer today. 


Features sealed coil to mini- 
mize contact contamination. 
Available as hermetically 
sealed relay only. 


Electrical latch, mechanical re- 
set. Small, versatile and offered 
with selection of contact 
arrangements. 


Contacts rated 60 amp. 28 
volts DC non-inductive. Will 
carry 150 amp. surge for a 
duration of 0.3 seconds. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


G@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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weigh 
measure 
check 
test 


automatically 


Testing processes can be time consuming and are 
subject to human fatigue factors and human error. 

Any process that involves measurement, weight, 
counting, computation or the evaluation of known 
positive factors can be reduced to automatic 
testing. 

North Electric Company has, for years, led the 
field in designing, engineering and manufactur- 
ing such “test” equipment. 

North equipment is performing such varied 
functions as automatic weighing and price com- 
putation in food processing, coin collection and 
axle count at super-highway toll gates, circuit 
and cable testing, automatic sequential produc- 
tion line testing and evaluation, even fault simu- 
lation and check-out on missiles. 

Automatic testing is faster, completely accu- 
rate, can be remotely controlled and frees skilled 
manpower for other work. 

lf you have any process that involves testing, 
in the broadest sense of the word, North 
Electric’s system-concept-minded engineers can 
“automate” it. 

North Electric’s engineering team has devel- 
oped, engineered and built over 5,000 system 
complexes, many of which have been in contin- 
uous service for decades. 

To learn exactly what NORTH CAN DO FOR 
YOU—write, wire or phone 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY ¢ 
653 S. MARKET ST. GALION, OH/O 


60-S-2 


MARCH 1960 Circle 154 on Inquiry Card 





phospher: =e SS 


r 


- AN 
ors 


a 
= 
i 


~, 


Better strip products start with 


Riverside-Alloy’s continuous- 
cast, Flexograin phosphor bronze 


These photomicrographs show com- 
parative grain structure. Uniform, fine- 
grain Riverside phosphor bronze 
Flexograin—is made even better 
through Riverside’s exclusive type of 
continuous-casting process. 

Riverside continuous casting elimi- 
nates porosity and assures a dense, 
homogeneous material that responds 
more readily to forming and develops 
uniformly high fatigue properties not 


RIVERSIDE-ALLOY METAL DIVISION 


PORTER SERVES INDUSTRY: with Rubber and Friction Products 
RIVERSIDE-ALLOY METAL DIVISION; Refractories 
DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE R¢ 
“Disston’ 


PEERLESS ELECTRIC DIVISION; Specialty Alloys 
VULCAN-KIDD STEEL DIVISION; Fabricated Products 
COMPANY de MEXICO S. A., and in Canada, Refractories 


THERMOID DIVISION; Electrical Equipment 


attainable with ordinary phosphor 
bronze. 

And Flexograin, being of a naturally 
finer grain structure, maintains the 
ductility and smoothness of finish that 
are unattainable with ordinary phos- 
phor bronze strip. 

Send for free Technical Bulletin de- 
scribing Flexograin and its advantages 
in your production. Write to Riverside- 
Alloy Metal Division, H. K. Porter 


Company, Inc., Riverside, New Jersey. 


3 
as 


Neat iin ab in i 


REFRACTORIES DIVISION 


Tools, “Federal” Wires and Cables, “‘Nepcoduct” Systems 
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Good riddance to ‘‘Swiss 
Cheese’”’ Castings! 
Riverside continuous-cast, 
dense bronze offers time 
savings through faster fab- 
rication in addition to im- 
proved product quality. 


H.K. PORTER COMPANY, INC. 


DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION, 

Electric Furnace Steel 

PE DIVISION, MOULDINGS DIVISION. H. K. PORTER 
H. K. PORTER COMPANY (CANADA) LTD 


CONNORS STEEL DIVISION, 
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Toward Better Communications 


THE NUMBER OF societies and associations de- 
voting special attention to specifications and 
standards for components for automatic control 
systems continues to grow. This is all to the 
good, not only because of the immediate benefit 
of individual efforts, but also because it is pro- 
viding a link of communications between sys- 
tems designers and components designers—a link 
that is definitely needed. However, communica- 
tion of another sort is needed: exchange of in- 
formation between the various groups themselves. 

Perhaps the first of the society groups to con- 
centrate specifically on control components was 
the Subcommittee on Control Components of 
the Automatic Feedback Control Systems Com- 
mittee of the AIEE. It has been functioning 
since March 1956 and has made important con- 
tributions. (The article beginning on page 132 
is written by a member of this Subcommittee 
and represents work done by the group.) Briefly, 
the Subcommittee’s objective is to add to and 
consolidate existing component specifications 
to indicate dynamic response and other char- 
acteristics which the system designer needs. If 
necessary, it will work with others to prepare 
a needed specification. 

The Instruments and Regulators Division of 
ASME has a Design Committee one of whose 
functions is to maintain liaison with other 
groups working on component specifications. 
Standardization of synchros and _ instrument 
servo motors has been sponsored by the SAF, 
and various groups in the IRE are working on 
similar projects in other areas. The AIChE has 
a Subcommittee on Methods of Measurement, 
one of whose intents is to compile a comprehen- 
sive catalog of components and their perform- 
ance characteristics as part of an overall scheme 
of improving the facility of chemical engineers 
in the design of measuring systems. 

Among the trade associations, the National 
Electrical Manufacturers Association now has 
a Task Group on System Compatibility of Com- 
ponents, which is part of the new Industrial 
Automatic Systems Section. This group is work- 
ing on utilization standards for components used 


in industrial automatic systems, including rat- 
ing utilization standards, performance standards, 
voltage utilization standards, and standards for 
acceptable data input forms such as tape widths, 
card sizes, codes, and number of rows of holes. 
Examples of components receiving priority by 
this group are card readers, tape readers, key 
punchers, typewriters for read-out systems, posi- 
tion-sensing devices, neon lamps, a-c servo 
motors and synchros. The fact that NEMA is 
now concerning itself with components which 
have special application in feedback control sys- 
tems is of particular significance. Up until last 
year, NEMA was concerned principally with 
starters and magnetic contactors. 

Work on input data devices is also well along 
under EIA auspices, and the Aerospace (née 
Aircraft) Industries Association has an Elec- 
tronics Parts Committee working on standards 
for system parts ranging from fine-pitch gears 
to semiconductor devices. 

There are of course some basic differences 
in the approaches taken by each of these groups. 
The engineering societies generally tend to deal 
more with the theoretical aspects, both with 
regard to control systems themselves and to the 
components that enter into them. The trade 
associations deal more with standardization of 
“hardware’—and rightly so. There are reasons 
why an element of fusion between the two types 
of effort should exist. Better communications 
between all of the groups would not only im- 
prove standardization and eliminate duplica- 
tion of effort, but would also improve the end 
product by bringing practice closer to theory. 
We don’t need another association or council 
or conference to provide a joint effort. We do 
need a greater awareness of what the other fel- 
low is doing. This means better communications. 
ELECTRICAL MANUFACTURING will try to serve 
as one connecting link. 


Associate Editor 


71 





(Advertisement) 


HOW TO SELECT 
HIGH RELIABILITY 
CAPACITORS 


At one time Sprague Electric was 
the only manufacturer offering true 
high reliability capacitors. The buyer 
had no problem. But today there 
are many manufacturers who claim 
that their capacitors meet high re- 
liability standards. Some are even 
so bold as to claim that theirs are 
the most reliable. 


Check the record before you choose 


The only sound approach to evaluate 
these claims is to investigate the re- 
liability record achieved by each of 
the companies under consideration. 
Remember, it takes test data to es- 
tablish the reliability of a product. 
Claims are not enough. 


Now let’s look at the record 


Sprague Electric can substantiate its 
claim that its HY REL® Q Capacitors 
are “the most reliable capacitors 
made” with the most extensive test 
data available in the entire electronic 
industry. The performance of 
HYREL Q Capacitors is virtually 


impossible to surpass...now and 
for some years to come. 

But let’s start at the beginning— 
the specifications. Sprague Electric’s 
high reliability capacitors were orig- 
inally made under Sprague Electric 
Specification PV-100—the first high 
reliability capacitor specification for 
missiles and other critical applica- 
tions. This specification and a later 
revision, PV-100A, have proven so 
comprehensive and so successful in 
providing “‘the highest order of re- 
liability known to capacitor manu- 
facturing” that their provisions are 
currently reflected in every military 
specification covering high reliability 
capacitors. This isa distinction shared 
by no other capacitor manufacturer. 


Now look at the record of 
HYREL Q Capacitors 


On accelerated life tests the failure 
rate of HYREL Q Capacitors has 
been less than 0.05%, after more than 
16 million unit hours accumulated 
on tests of 250 hours at 140% rated 


voltage, 125 C. On high frequency 
vibration tests, there hasn’t been a 
single failure in the more than 50,000 
units tested. On seal, moisture re- 
sistance, and temperature cycling and 
immersion tests, the failure rate has 
been less than 0.1%. 

Such performance from produc- 
tion line capacitors can only be 
achieved through the most intensive 
(and expensive) kind of reliability 
program—in design and develop- 
ment, in production engineering, in 
manufacturing facilities, in testing 
intensity and extensity—all of which 
should be investigated thoroughly. 

After you’ve checked the record, 
then decide for yourself which ca- 
pacitor is “‘the most reliable made.” 

For complete facts and figures on 
HYREL Q Capacitors, call your 
Sprague District Office or Represent- 
ative, or write for HYREL Bulletin 
2900A and Specification PV-100A to 
Technical LiteratureSection, Sprague 
Electric Company, 307 Marshall St., 
North Adams, Massachusetts. 


SEE US AT THE I.R.E. SHOW—-BOOTHS 2416-2424 
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Reduced-Voltage 
Starting for 
Squirrel-Cage Motors 


The use of squirrel-cage motors for all-purpose, constant-speed 


applications has been steadily increasing. The number of methods 


Stepless resistance starter 
rated 30 hp, 220 volts. 


of starting and controlling them is almost as large as that for kinds 


of applications. If starting torque must be applied gradually, or if 


line disturbances due to inrush current must be avoided, reduced- 


voltage starting is required. There are many ways of achieving the 


latter and many points to be considered in its proper use. 


D. FITZPATRICK 
Control Engineer 
ALLEN-BrRAvLeEY COMPANY 
Milwaukee, Wisconsin 


THERE ARE SEVERAL FACTORS to consider in selecting the 
starting equipment for a squirrel-cage motor. The most 
important of these facters are: 


(1) The torque and starting requirements of the load. 

(2) The motor characteristics which will best fit these 
requirements. 

(3) The source of power and the effect the motor starting 
current will have on the line voltage. 

(4) The effect of the motor starting torque on the driven 
load. 


Squirrel-cage motors, because of their simplicity, 
ruggedness and reliability, have practically become the 
accepted standard for all-purpose, constant-speed a-c 
motor applications. Year by year they have been used 
in ever-increasing numbers, in larger and larger ratings, 
and for ever more diversified industrial applications. 
In some instances they are operated from industrial or 
local power lines, in other instances from highly de- 
veloped light and power network systems. As their use 
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has spread, various modifications have been made in 
the design of the motors themselves. As a result, various 
kinds of control equipment and starting methods have 
been developed. 

Typical Starting Methods. Among the most com- 
mon methods of starting polyphase squirrel-cage motors 
are the following: 


(1) Full-voltage starting, using a hand-operated or auto- 
matic starting switch to throw the motor directly across the 
line. 

(2) Primary-resistance starting, using a resistance unit in 
series with the stator to reduce the starting current. 

(3) Autotransformer or “compensator” starting, with 
manual or automatic switching between taps of the auto- 
transformer to give reduced voltage starting. 

(4) Impedance starting, where reactors are used in series 
with the motor. 

(5) Star-delta starting, wherein the stator of the motor is 
star-connected for starting and delta-connected for running. 

(6) Part-winding starting, where the motor’s stator wind- 
ings are made up of two or more circuits, with the individual 
circuits connected to the line successively in starting and in 
parallel for normal operation. 


Full-voltage starting can be employed whenever the 
load can stand the shock of starting and where no 
objectionable line disturbances are created. Reduced- 
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voltage starting may be required if the starting torque 
has to be applied gradually or if the starting current 
will produce objectionable line disturbances. 

Torque Requirements. The torque requirements of 
different loads vary to a wide degree, particularly with 
regard to the starting torque and the rate of acceleration 
most desirable. Generally speaking, any one of several 
motors will have sufficient capacity to satisfy the load 
requirements under normal running conditions. It may 
be more difficult, however, to select a motor that will 
perform satisfactorily during both starting and running. 

Sometimes a motor is selected for the best starting 
performance with a sacrifice in the running efficiency; 
at other times, in order to obtain high running efficiency, 
a motor with high current inrush will have to be 
selected. In such cases, a starter will be selected that will 
overcome the objectionable features. 

The driven machine may be started at no load, normal 
load or overload. In many processing industry applica- 
tions, the machine is started unloaded, so that the only 
torque required is that which is sufficient to overcome 
the inertia of the machine. In other instances, the motor 
will be called upon to start with the normal running load 
on the machine; here the starting requirements include 
the ability to overcome the normal load and the starting 
inertia. 

Controlling Torque. After the motor has been 
selected, the amount of torque control which can be 
obtained depends upon the starting method employed. 
By far the most common method of starting a polyphase, 
squirrel-cage induction motor is by “across the line” 
starting—connecting the machine directly to the plant 
distribution system at full voltage, using either a manual 
or magnetic starter. From the standpoint of the motor 
itself, this is probably the most desirable method. 

The motor, however, is rarely the point in question 
when considering starting methods. Overload protection 
has come to such a state of refinement that it will give 
the motor every opportunity to make a safe start. Apply- 
ing reduced voltage in an attempt to prevent motor 
overheating during acceleration is generally wasted 
effort, since the accelerating time will increase, and cor- 
rectly sized overload elements will trip anyway. 

The need for starting methods other than full-voltage 
starting is, then, largely due to factors outside the motor 
itself. But once the need for a method other than line 
starting has been established, the type of motor, its elec- 
trical and mechanical characteristics, and its thermal 
capacity are of utmost importance in the final choice 
of a starting method. 

Reduced Voltage? Reduced Current? Reduced 
Torque? Unfortunately, all deviations from standard 
across-the-line starting have, by common usage, been 
ielegated to the category of “reduced-voltage methods”; 
hence the title of this article. But not all of these starting 
schemes actually reduce the voltage at the motor termin- 
als, and even reduced-voltage starters do so only as a 
means of accomplishing some other end. Usually this 
desired result is either the reduction of line current or 
the reduction of starting torque, the former being the 
most common. 

However, it is important to note one point (failure 
to keep this in mind leads to many misapplications of 
starting methods): when the voltage is reduced, the 
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current is also reduced, and so is the torque which the 
motor can deliver. Regardless of which particular result 
—reduced current or reduced torque—is paramount in 
the selection of the starting scheme, the other will always 
follow. 

It becomes immediately apparent that a motor which 
will not start a load on full voltage positively will not 
start that load under reduced-voltage or reduced-current 
conditions. The use of a reduced voltage or current 
scheme as some sort of panacea for loads which are 
troublesome to accelerate is, therefore, completely out 
of the question, since the very process of reducing the 
voltage and current will further reduce the available 
starting torque. 

The Need for Reduced-Current Starting. Reduc- 
ing, or in some other way modifying the starting cur- 
rent of an induction motor (confining its rate of change 
to certain prescribed limits or predetermining, in short, 
the current-time picture which the motor presents to 
the supply network) is the most common function of 
the reduced-voltage starting devices available. This cur- 
rent-time picture is generally delineated by the public 
utilities in the various user areas, and may be simple 
or quite complicated, depending on the utility’s network 
stability. It behooves the original equipment manufac- 
turer to check his customer on his power limitations. 
Basically, the utility is attempting to maintain a reason- 
ably constant voltage at the point of supply so that lamp 
flicker will not be noticeable. How successful they will 
be in this respect depends on the generating capacity 
supplied to the area, transformer and line-loading con- 
ditions and adequacies, and the available automatic 
voltage regulating equipment. It also depends on the 
sudden demands imposed on these supply facilities. 
Sudden high surges of reactive current from large motors 
on starting, pulsations in current taken by electrical 
machinery driving reciprocating compressors and similar 
machinery, the impulse demands of industrial X-ray 
equipment, and the variable power factor of electric fur- 
naces—all can result in transient overloading of the 
utility supply, and all are therefore capable of producing 
voltage fluctuations. 

Consequently, each of these particularly difficult loads 
is regulated in some way by the power company, whose 
rules and regulations not only dictate the use of some 
form of reduced-voltage, reduced-current method, but 
also help determine the best specific method. 

Since these rules and regulations vary from company 
to company, from city to city, and among different areas 
in the same city, not all can be listed, but here are the 
most common: 


(1) A maximum number of starting amperes, either per 
horsepower or per motor, may be stipulated. 

(2) A maximum horsepower for line starting may be 
given. Above this value a limit in per cent of full load cur- 
rent is set. 

(3) A maximum current for a particular feeder size may 
be given. It is then up to the user to determine whether or 
not his motor will conform. 

(4) A maximum rate of change of line current taken by 
the motor may be set down—such as 200 amp per ¥% sec. 

(5) A statement may be obtained for a particular appli- 
cation, as to whether a “secondary current transient” is 
acceptable. This phenomenon, associated with certain types 
of starting schemes, will be discussed later on. 
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Starting current, amp 





Accelerating time, sec 


Fig. 4—Resistance starter reduces starting current of 10-hp, 
220-volt motor under three load conditions. Curve I is light 
load; Curve II heavy. In either case, the running switch closes 
after 3 sec. With heavy load, increasing starting time reduces 
second current inrush since motor will have reached higher 
speed before being connected to full voltage. In Curve III, 
motor cannot start on current allowed through resistance and 
comes up to speed only after connection to full line voltage. 


Although technically this is a two-point starter, if 
graphite-disk resistors are used, the negative temperature 
coefficient of the units provides a gradual reduction in 
resistance during the time between the closing of the 
first contactor and the closing of the 
contactor. 

@ Three-point starters are similar to two-point starters 
except that two steps of resistance are introduced before 
the motor is connected across the line. This gives three 
points of acceleration, with two accelerating contacts 
and a running contactor. Closure of the first contactor 
connects the motor to the line through all of the resistors. 
Closure of the second contactor cuts out a part of the 
resistance, while closure of the running contactor applies 
full voltage to the motor. 

Where multi-speed squirrel-cage motors must be started 
on reduced voltage, resistance-type starters will provide 
smooth acceleration with minimum line disturbance. 
These starters consist of a line switch for each motor 
speed, a set of resistors, a contactor for shorting the 
resistors, and a delay timer for acceleration. 

The set of resistors is common to each motor speed 
switch. When a speed button is pressed, power is ap- 
plied through the resistors to the stator windings for 
that speed. After a suitable delay, the timer opens the 
contactor. Simultaneously, the line switch for the desig- 
nated speed winding closes, shorts out the resistors and 
applies full line voltage. 

Increment Starting. The employment of a stepped 
resistance starter, with the resistance adjusted so that 
65 per cent of rated voltage appears at the motor 
terminals, results in the low-speed hang-up condition 
mentioned previously (Fig. 3). Thus, when the running 
contactor closed at the end of its preset time, the motor 
would draw current nearly equivalent to full starting cur- 
rent. It would then accelerate the load to full speed in 
accordance with the energy available, as shown in Fig. 2. 


second or line 
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In some drives such behavior, which results from low 
or non-existent starting torque, would rule out the use 
of this type of starter or any other type of primary 
resistor starter. However, in cases like this, the utility 
will quite frequently withdraw or modify the “peak 
current” requirement and simply state that the motor 
may be started in such a way that the rate of increase 
of line current is confined to a stated number of am- 
peres per 14 sec or per sec. This gives their line-voltage 
regulators time to raise the distribution input voltage 
and compensate for the voltage drop caused by the 
high motor currents. 

In our example, for instance, the initial current might 
have been 250 amp at the 65 per cent voltage, and it 
would remain at this value during the short time setting. 
During the initial impulse of perhaps 1 sec, the motor 
would not accelerate the load to any appreciable speed; 
it might not move the load at all. Then, when the running 
contactor closed, the current would jump to 100 per 
cent starting value or, in this example, about 385 amp. 
If this change in current per unit of time is satisfactory 
to the power company, the problem is solved. 

This type of starting is called “increment starting” 
(Figs. 4 and 5). Two- and three-point starters are the 
most common, but there is no reason why equipment can- 
not be built to satisfy restrictions calling for more in- 
crements. “Part-winding” starting (to be discussed later ) 
is almost invariably “increment” in nature, since the 
motor rarely starts on the first step. 

Notice that in all the resistance-starting schemes, the 
motor is finally connected to full voltage without having 


its connection to the line interrupted. The period during 
which the switching to line voltage takes place is called 


the “transition” period, and resistance starters are said 
to be “closed-circuit transition” devices because they 
do not disconnect the motor from the line during this 
period. This is usually an advantage. 

A form of resistance starter that provides absolutely 
stepless control of the starting current is the “compres- 
sion” or carbon-pile type. The gradual compression of 
the resistance disks and the subsequent reduction of re- 
sistance is accomplished automatically by a solenoid 
with a dashpot delayed action. A starting contactor closed 








current, amp 


Starting 


Accelerating time, sec 


Fig. 5—Starting 40-hp, 220-volt motor with three-point starter. 
Motor does not start on first point, but starts and accelerates on 
second point. After 8 sec, motor is connected to full line 
voltage and small current inrush occurs. 
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Fig. 1 
induction motor during starting. 


Behavior of current taken by an Fig. 2- 


The above list by no means encompasses all the possible 
sets of restrictions. Furthermore, two or more of these 
are often combined for a particular installation. 

In the light of these limitations, it is important to 
understand the behavior of the induction machine dur- 
ing acceleration and switching, for although there may 
be several modified starting methods which will effect 
a conformation to the above rules, usually the one best 
method will become apparent when the specific applica- 
tion is examined. 

The Induction Motor at Start. The problems that 
create the need for reduced-current starting and those 
that result from it are illustrated in Figs. 1, 2 and 3. 

Figure 1 pictures the behavior of the current taken 
by the most commonly used class of induction motor 
during starting. Two facts stand out: first, the starting 
current is quite high compared to the running current; 
and second, the starting current remains high as the 
speed of the machine increases and then drops sharply 
during the last few revolutions. This means, of course, 
that since it is a function of /*, the heating rate is quite 
high during acceleration. It also means that a motor 
may be considered to be in the locked-rotor condition 
during nearly all of the accelerating period. 

Figure 2 shows a set of torque-speed curves for a 
typical variable-torque load (such as a fan, blower or 
unloaded centrifugal compressor) on a typical induction 
motor. Figure 3 shows the same load started with re- 
duced current. The current-speed and torque-speed curves 
shown in Figs. 2 and 3 are typical characteristics of a 
Class B induction motor. The shape of these curves for 
any individual motor depends mostly on the configura- 
tion, material, and placement of the rotor bars. As the 
horsepower gets higher, the starting torque is apt to 
be lower in per cent of rated, and the sag in the T-S 
curve more pronounced. 

One more fact to be considered is that the torque of 
an induction motor is a function of the square of its 
rotor current and therefore approximately of the square 
of its line current. If the starting voltage is reduced to 
50 per cent, the motor current will drop to 50 per cent 
of normal full-voltage starting current, but the torque 
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Fig. 3—Torque-speed curves for starting 
variable-torque load on reduced current 
(same load as Fig. 2). 


will drop to 25 per cent. Were it not for this fact, 
reduced-current starting methods would not create the 
problems they do. 

For example, consider the motor and load situation 
depicted in Figs. 2 and 3. The shaded area in Fig. 2 is 
a measure of the accelerating energy of this system. 
If the utility had restricted current to 400 per cent full- 
load current, a reduced starting voltage of 400/600 or 
66.6 per cent would apparently be necessary. We would 
use 65 per cent since it is the nearest standard value. 
This gives a reduced starting torque of (0.65)? « 120, 
or 51 per cent. 

In this assumed case, the load requires only 25 per 
cent torque to start, so one might assume that no prob- 
lem exists. However, every point on the motor T-S curve 
has been decreased to 51 per cent of its original value 
(assuming the terminal voltage to remain constant dur- 
ing acceleration). Figure 3 shows what has happened— 
the sag in the motor curve has crossed the load T-S 
curve, causing the motor to “hang-up” at the intersection 
because no more accelerating torque is available. 

Actually, in this example some characteristics of two 
different starting devices have been assumed—the rela- 
tively constant motor voltage of the transformer method, 
and the equality of line and motor current typical of 
the resistance method. In practice, the starting scheme 
illustrated would behave in a manner similar to that of 
a resistance starter. 

The conflict between torque and current requirements 
is a typical dilemma facing the user of reduced-current 
starting equipment. It may be only one of many, but it 
is one of the more common. Here are some of the 
methods and equipment available to help solve this 
problem: 

e@ Two-point starters consist of two magnetic contact- 
ors, a set of resistors, a timing unit and two overload re- 
lays. The first contactor, which is controlled by a pilot de- 
vice, connects the motor to the line through the resistance 
units. These are set at a value that will allow the motor 
to turn over. After a predetermined interval, the second 
contactor automatically connects the motor directly 
across the line. 
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For instance, in the example used earlier, the full- 
voltage starting torque was 120 per cent, the full-voltage 
starting current 600 per cent. If the power company 
limitation is 400 per cent current at start, motor current 
need not be limited to 400 per cent, but only the line 
current. In the example noted, with the line current 
limited to 400 per cent, one can apply 80 per cent volt- 
age to this motor, have 80 per cent motor current, and 
still have only 0.8 > 80 or 64 per cent line current 
due to the 1/0.8 turns ratio for the transformers. The 
advantage is that the starting torque is now 0.80 
0.80 of 120, or 77 per cent, instead of the 51 per cent 
obtained in the resistor scheme. In the preceding ex- 
ample, this might easily have furnished sufficient ac- 
celerating energy to start the load. However, a “bottle- 
neck”, as in Fig. 9, may delay the accelerating process 
enough that the overload relays will trip. It takes time 
and current to trip an overload relay, just as it does to 
overheat the motor. Some form of increment starter 
might still be the best answer. 

The autotransformer starter is an “open-circuit transi- 
tion” device, since contacts R (Fig. 8) must not be closed 
until contacts S are open. Any overlap will short-circuit 
a section of the autotransformer and will cause danger- 
ously large currents to flow in the windings. 

While the motor is accelerating, and at the time of 
transition to full voltage, the rotor currents have estab- 
lished a magnetic field which rotates at motor speed and 
generates a voltage in the stator coils in the same 
manner as a d-c motor. This voltage is approximately 
180 deg out of phase with the applied line voltage. The 
line current of an induction motor is given in the 
formula: 


i = (V; ine ~— E cen) 


° Zatator coil 


When the motor is disconnected from the line during 
transition, the stator current must go to zero, provided 
the motor is wye-connected. As in any coupled circuit, 
though, the rotor current and corresponding field will 
decay slowly and exponentially, maintaining the resultant 
generated voltage in the stator coils. The decay process 
may last for 30 cycles or more. When full voltage is 
applied, it is difficult to predict exactly what phase posi- 
tion and magnitude E,.,, will have. 

Therefore, under certain conditions of transition time, 
rotor time constant and deceleration, E,., may be in 
phase with Vj;,., and /;;,. would be equal to (Vjin- 
+ E,.,) + Z. This would give a sharp current inrush 
as high as two times full-voltage starting current at the 
instant of voltage reapplication. Consequently, any form 
of reduced-voltage starting (and there are others besides 
autotransformer) which is inherently “open-circuit 
transition” is often looked upon by the public utilities 
with a jaundiced eye. All restrictions should be care- 
fully checked before such a starting method is employed. 
Compare the two methods of starting depicted in Fig. 10. 

The “Korndorfer method,” which uses a third con- 
tactor to separate the common point of the autotrans- 
formers, is sometimes used to overcome this transient 
difficulty. The third contactor is opened before the “Run” 
contactor is picked up. At this point, the transformers 
become series “reactors”. Finally, the “Run” contactor 
is energized and full voltage is applied to the motor by 
short circuiting these reactors. 
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Because of the requirement for specially designed trans- 
formers, each application must be dealt with individually, 
and careful design procedures must be followed to mini- 
mize transient voltages and currents and to make sure 
the transition is actually “closed circuit.” 

In summary, the principal advantage of autotrans- 
former starting is the fact that more motor torque is 
obtainable per allowable line ampere; its main disad- 
vantage is the open-circuit transition problem. 

Part-Winding Starting. If the stator windings of 
an induction machine are divided into two or more 
equal parts, with the terminals for each section avail- 
able for external connection, then the machine may lend 
itself to what is known as “part-winding”’ starting. 

By far the most common number of winding sections 
or parts is two, and the motor is intended to deliver 
its rated output with the windings in parallel (Fig. 11). 
These windings may or may not be identical, but they 
cannot possibly occupy the same slot simultaneously. 
Applications of line voltage to one of the winding sec- 
tions will cause the motor to draw from 60 to 80 per 
cent of normal starting current, with a torque output 
of only about 40 per cent normal locked torque. 

In most applications, each of the two motor windings 
is connected in star, but the starter can also be used 
with delta-connected motors, provided neither delta 
winding is open during starting. Part-winding starters 
are available in either a two- or three-step construction. 
The two-step starter is designed so that, when the control 
circuit is energized, one winding of the motor is con- 
nected directly to the line. After about 2 sec the second 
winding is connected in parallel with the first; the motor 
is then fully across the line and develops its normal 
torque. 














Speed, per cent 








Torque, per cent 


Fig. 9—Speed-torque curves for typical autotransformer starter. 
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Fig. 6—Vector dia- 
grams, primary resist- 
ance starting. 


» 
Fig. 7 — Vector dia- 
grams, primary reac- 
tor starting. 
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by a pilot device cuts the motor into the line, with the 
resistance units in series. At the same time, the solenoid 
is energized and operates against an adjustable dashpot 
to cut the resistance out of the line gradually. When the 
resistance units are fully compressed, a timing unit is 
started. After a predetermined time delay, it causes the 
running contactor to operate. 

Reactor Starting. It is possible to reduce the motor 
terminal voltage by using series reactors rather than 
resistors. However, this method is not generally em- 
ployed,* except in the case of high-voltage and/or high- 
current drive applications where the heating and physical 
construction of resistors is a problem. The use of reactors 
results in an exceptionally low starting power factor, 
and somewhat aggravates the already poor line regulation. 

Then too, due to the relative difficulty of changing the 
reactance values in the field, reactor starting is more 
expensive and less flexible than resistor starting on all 
but the largest machines. The added cost has a very real 
basis in that the reactors must be carefully designed 
and applied since any saturation will lead to inrushes 
equal to full-voltage starting current. Such a condition 
would, of course, make the use of the reactors somewhat 
pointless. Resistor and reactor starting methods have one 
advantage in common: the motor terminal voltage is a 
function of the current taken from the line. It can there- 
fore be assumed that during acceleration the motor volt- 
age will rise as the line current drops, resulting in 
greater accelerating energy at the higher speeds, and a 
correspondingly less severe disturbance when the tran- 
sition to full voltage occurs. 


* Reactor starting is widely used on material handling equipment drives. See 


“Reactor Control of Induction Motors," Execrrica, Manuracturinc, January 
1960, p 138. 
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This advantage is generally overestimated, first, be- 
cause the line current does not decrease significantly 
from locked value until rather late in the accelerating 
period and, second, because the difference between the 
line voltage and the motor terminal voltage is a vector 
and not a scalar difference. Figures 6 and 7 illustrate 
the point. Due to the changing power-factor angle of the 
motor current from standstill to near rated speed, the 
reactor method causes a slightly greater increase in 
motor terminal voltage with speed than does the resistor 
scheme. Even so, if excessive currents are to be avoided, 
the reactor starter must be designed with great care. 
Otherwise the reactors will saturate, causing currents 
of full-voltage magnitude. 

Autotransformer Starting. One of the most logical 
and common methods for reducing the starting voltage 
utilizes autotransformers. Figure 8 is a diagram of a 
typical autotransformer starter. A pilot device closes the 
circuit for a starting contactor, which connects the motor 
to the reduced voltage taps of the autotransformer 
through the S contacts. Simultaneously, a timing unit 
is energized, and after a specified interval, the auto- 
transformer is removed from the circuit and the motor 
put across the line. 

The basic automatic autotransformer starter has some 
distinctive characteristics too often overlooked. First, 
the motor terminal voltage is not a function of load 
current and remains substantially constant during the 
accelerating period. Of course, there is some regulation 
in the transformers, but this is negligible and, from the 
standpoint of overall power factor, so is the magnetizing 
current. Secondly, due to the turns-ratio advantage, the 
ratio of line current to torque is the same as for full- 
voltage starting. Here, motor current and line current are 
not equal as they are in resistor and reactor starting. 


Tir 


Fig. 8—Schematic of typical autotransformer starter. 
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(b) Improvement of starting characteristics of same motor by use of a stepless resist- 
ance starter. Current and voltage are increased evenly and line voltage is reduced gradually. 


The three-step starter has resistance in series with the 
motor on the first step. Initially, after a short time in- 
terval (about 2 sec), the resistor is shorted out and the 
first winding is connected directly to the line. Two 
seconds later the second winding is connected to the 
line in parallel with the first. 

The torque efficiency is roughly equivalent to that 
of resistor starting in that the ratio of starting current 
to starting torque is quite poor. The similarity ends 
right there, however, since the part-winding method al- 
lows no adjustment of these values. Part-winding schemes 
almost inevitably lead to increment starting, for the 
starting torque is so low that the motor rarely starts on 
the first step. At start, one winding is carrying up to 





Fig. 11—Schematic diagram of part-winding motor connected to 
power source. 
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50 per cent more current than it would on a full-voltage 
start, and heating increases correspondingly. If this 
characteristic is acceptable, it is sometimes the practice 
to use resistors in combination with part-winding starters 
to further reduce the starting current and torque. How- 
ever, since part-winding starting is usually resorted to 
for economic reasons, considerable thought should be 
given before it is modified with such embellishments. 
It may well be that another form of conventional starting 
will perform the task more economically and with more 
satisfactory performance. 

Part-winding starting has certain obvious advantages. 
It is less expensive than most other methods (because 
it requires no voltage-reducing elements such as trans- 
formers, resistors or reactors) and it uses only two half- 
rated contactors. Furthermore, its transition is inherently 
closed circuit. 

It also has several disadvantages. The starting torque 
is poor and is fixed; the starter is almost always an in- 
crement start device. Not all motors should be part- 
winding started, and it is quite important that the motor 
manufacturer be consulted before this type of starting 
is applied. Some motors are wound sectionally with part- 
winding starting in mind, but indiscriminate application 
to just any dual-voltage motor (for example, a 220/440 
volt motor which is to run at 220 volts) can lead to exces- 
sive noise and vibration during start, to overheating, 
and to extremely high transient currents upon switching. 

Then too, since the current requirements in part wind- 
ings allow the use of smaller contactors and (coinci- 
dentally) smaller overload elements, the fuses must be 
proportionately small in order to protect these elements. 
Dual-element fuses are therefore a necessity. 

Star-Delta Starting. Probably no other method of 
starting has been so thoroughly investigated in recent 
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Fig. 12—(a) Schematic of wye-delta motor connected in wye to 
power source. (b) Wye-delta connection with a three-step starter 
to insert resistors during transition from wye to delta. 


years as the old European technique of star-delta starting. 
The first prerequisite is, of course, that the motor be 
wound to run with its stator windings connected in delta 
and with all leads brought out. Delta-wound motors 
have not been common in the United States, and it was 
primarily the interest shown by the manufacturers of 
large centrifugal air-conditioning units which prompted 
their reappraisal for starting reasons. 

The fully automatic version of this starter consists 
of a standard, full-voltage magnetic starter, two con- 
tactors for switching the star and delta connections, and 
a pneumatic timing unit, Fig. 12a. When the operator 
presses the “Start” button, the line (1M) and star (S) 
contactors close and the motor operates on approximately 
58 per cent of normal voltage. After the starting period, 
determined by the timer setting, the star contactor opens 
and the delta contactor (2M) closes. The line contactor 
(1M) remains closed during this automatic transition. 

Starting current and torque are about 14 normal. In 
the basic method, the transition to delta must be pre- 
ceded by opening the circuit to the motor, so the star- 
delta method is inherently one of open-circuit transition. 

The appeal of this method, as with the part-winding 
technique, lies largely in its lack of accessory voltage- 
reducing equipment. While it has the disadvantage of 
open-circuit transition, a star-delta starter does give a 
larger starting torque per line ampere than a_ part- 
winding starter. Star-delta is almost always an increment 
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method, because the low starting torque (33 per cent) 
rarely allows the motor to start on the first step. Noise 
and vibration are absent and, except for the normal 
transients associated with open-circuit transition, the 
current inrushes are not excessive. 

Figure 12b shows a modification of the star-delta 
starter using resistors to maintain continuity of current 
to the motor and thus avoid the difficulties associated 
with the open-circuit form of transition. The resistors 
must be carefully proportioned, both in ohmic value and 
watts dissipation, for the application. 

Combined Methods. Requirements sometimes be- 
come so involved, restrictions so stringent, and needs 
so conflicting, that no single method of reduced-current 
starting will give the required results. It may then be 
necessary to resort to a combination of types to obtain 
satisfactory performance. Special starting equipment 
consisting of resistor-transformer arangements, resistor /- 
part-winding combinations and the like are often em- 
ployed. Such applications must be tailor-made to fit the 
particular conditions, and it is impossible to generalize 
upon them. 

Advantages and Disadvantages. The current 
taken from the line by the autotransformer starter varies 
as the square of the voltage impressed at the motor 
terminals through the transformer. Of course, this ratio 
does not take into consideration the losses in the trans- 
former itself, which, depending on the design of the 
transformer, will increase the current drawn by about 
15 per cent. The torque varies as the square of the im- 
pressed voltage, or directly with the line current. 

The autotransformer starter ordinarily has three volt- 
age taps: 50, 65 and 80 per cent. The 50 per cent tap 
may provide enough torque to start the motor, but not 
enough to accelerate it. The only alternative is to con- 
nect to the next-higher tap. 

The transformer starter’s principal advantage is that 
it draws less current from the line, but this advantage 
diminishes when it is necessary to connect to a higher- 
voltage tap in order to increase starting torque. Among 
the disadvantages of the transformer starter are: 

(1) Momentary disconnection from the line during transi- 


tion can produce a high current inrush. 
(2) Low power factor. 


The principal advantages of the step-by-step resistor 
starters are: 


(1) Smoothness of motor and machine acceleration. 

(2) Higher power factor. 

(3) Continuous connection of the motor to the line during 
the starting period. 


From the standpoint of current drawn from the line, 
the primary resistance starter is at a disadvantage when 
compared with the transformer starter. However, the 
current drawn does not lower the power factor, nor does 
this starter produce a high current inrush or second 
inrush when the motor is switched to full voltage. 

The desirable features of the primary resistance 
starter are vastly increased by the use of graphite com- 
pression resistors. As these resistors heat up, the voltage 
across the motor terminals increases and therefore per- 
mits stepless adjustment of the resistance even though 
the compression resistors cut out in fixed steps. The 
effect is to give additional points of acceleration. OOO 
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Transformer Insulation 


For Extreme 


Environments 


Results of intensive investigation under 
Air Force and Bureau of Ships contracts 
are summarized and typical data are pre- 
sented. First of a series of articles on 
transformer materials for service under 
ultrghigh temperature (500 C) and nu- 


clear radiation conditions. 


ALEX. E. JAVITZ 


Special Features Editor 


AN UNUSUALLY COMPLEX combination of materials prob- 
lems faces the designer of inductive components for 
service under conditions of extreme temperature or 
nuclear radiation, or both. The results obtained to date 
from various R & D contracts sponsored by the De- 
partment of Defense constitute a body of information 
useful not only in the area of transformers, inductors 
and coils, but wherever any components, equipments and 
systems are required to operate reliably under the same 
environmental conditions. The materials investigated for 
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high-temperature inductive components fall into these 
groups: 


a. electrical insulating materials (layer insulation, 
spool insulation, etc.) 

b. magnet wire 

c. magnetic core materials 

d. structural materials: adhesives, encapsulants, braz- 


ing fillers, etc. 


Although the electrical insulation materials are at the 
heart of high-temperature design, essentially, we are 
concerned with a materials system. Consequently, each 
of these groups of materials will be discussed in a series 
of articles, beginning with the present one devoted to 
electrical insulating materials. 

A discussion such as this needs definitions. The best 
definition is a set of specifications. What temperatures 
are we talking about? What properties (other than 
thermal) are essential? The maximum ambient tem- 
perature of concern is approximately 500 C. In dissipa- 
tive types of components such as power-supply trans- 
formers this means that we have to consider minimum 
hot-spot temperatures as high as 600 C. The crux of 
the problem is this: (1) the best of the organic materials 
begin to deteriorate at approximately 250 C, and (2) 
existing inorganic materials that do meet the 600-C test 
lack the necessary mechanical properties necessary for 
fabrication of void-free multilayer coils. The fundamental 
needs of high-temperature electrical insulating materials 
have been stated in a specification document prepared 
by the Working Group on Coils, Inductors and Trans- 
formers of the Advisory Group on Electronics Parts 
(AGEP) of the Department of Defense. It is reproduced 
here as Table I. 
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The R & D work in this field has been largely con- 
-entrated in several Department of Defense-sponsored 
contracts. Each of these contracts represents a specific 
phase of the problem, essentially in terms of ultimate 
application requirements. Air Force Contract No. AF33- 
(616)-3623 (1)* represents the initial effort of the 


—65 to +500 C ambient temperature 
10'° to 5 & 10'? fast neutrons/sq cm/sec 
. 10" to 5 & 10'8 gamma photons/sq cm/sec 
. 50 g shock for 11 millisec 
5 to 2000 cps vibration at 15 g 
thermal cycling that includes the —65 to -+-500 C 
temperature extremes 


Electronic Components Laboratory at Wright Air De- g. humidity in accordance with MIL Specification 202A 
velopment Center to develop electronic power transform- h. air density corresponding to 100,000 ft altitude. 


ers and inductors for ultimate use under the following 


environmental conditions: 


* Italic numerals in parentheses refer to Cited References at end of the article. 


a. 400 cps frequency 
b. up to 1500 volts rms 


Operating ratings were as follows: 


c. up to 1 kva 
d. 1000 hr life. 


Table I—insulating Materials Specifications for High-Temperature Inductive Components 


Note: The Working Group on Coils, In- 
ductors, and Transformers of the Advisory 
Group on Electronic Parts (AGEP) of the 
Department of Defense has prepared this 
list of specifications for high-temperature 
insulating materials suitable for inductive 
components that must operate at tempera- 
tures as high as 500 C. This will require 
operation at maximum hot-spot tempera- 
tures as high as 600 C in dissipative types 
of components such as power-supply trans- 
formers and filter chokes. 

These specifications are based upon the 
use of existing techniques in industry to 
produce large quantities of high-tempera- 
ture electronic transformers and similar 
inductive devices. For this reason, the me- 
chanical properties of the specifications are 
in many instances equated to insulating 
materials employed in the manufacture of 
comparable transformers for operation at 
Class A (105 C maximum) temperatures. 
The main specifications listed are those 
which are required to produce high-tem- 
perature transformers of reasonably opti- 
mum size. However, in some instances less 
severe values are shown in brackets [ ]. 
Insulating materials which attain these [ ] 
values possess the minimum usable char- 
acteristics. 


1. POWER AND AUDIO TRANSFORMERS 


1.1 Interlayer insulation 
1.1.1 Mechanical properties 

1.1.1.1 Thickness: 4% [one] mil to 3 mils 
for dry-type units for high temper- 
atures; should be within the toler- 
ances of paper (not to exceed +10 
per cent thickness tolerance). 
Such features as surface condi- 
tions, flexibility, sawability, ten- 
sile strength, etc. comparable to 
soft Kraft paper. 

1.1.1.3 Shelf life of raw material (stability 
of mechanical properties with 


age). 
1.1.1.4 Should be made available in rolls 
of widths of 36 in. [10 in. wide] 
(sheets 10 in. by 36 in.]. 
1.1.2 Chemical properties 
1.1.2.1 Compatible with various antici 
pated impregnants and potting 
compounds. 


1.1.3 Electrical properties 


1.1.3.1 Electric strength: in all thick- 
nesses 100 [50] vpm at working 
voltage, and 200 [100] vpm at test 
voltage for 1 min at the specified 
temperature at a test frequency of 
800 cycles. 
Dielectric constant: less than 10. 
Insulation resistance at tempera- 
ture: volume resistivity of 106, 
ohm-cm at rated temperature at 
200 [100] vpm d-c test voltage. 

1.1.3.4 Power factor: less than 50 per cent 
at rated temperature at 400 cycles. 

Temperature objectives (these apply to 

all paragraphs unless otherwise speci- 

fied). 

1.1.4.1 Maximum temperature at which 
material will be used, 350 C. 
1.1.4.1.1 Life of 500 hr 

4.1.2 Life of 2500 hr 

4.1.3 Life of 10,000 hr 

imum temperature 600 C. 

.2.1 Life of 500 hr 

2.2 Life of 2500 hr 


1.1. 
1.1. 
Maxi 
1.1. 
1.1. 


4 
4 


1.2 Encapsulants 
1.2.1 Mechanical properties 


1.2.1.1 Temperature coefficient of expan- 
sion: 12 X 10-6 per unit length 
per deg C for a rigid material. 

-2.1.2 Thermal conductivity: 3 X 10-3 
[3 X 10-4] cal/sec/cm2/cm/deg C 
minimum. 

1.2.1.3 Flexibility, tensile strength, and 
adhesion: over the three tempera- 
ture ranges specified below, the 
material shall have characteristics 
no poorer than available epoxies, 
such as Hysol 6600 over its tem- 
perature range (—55 to +125 C). 
Pot life [30 min], viscosity, and 
loadability: equivalent to polyes- 
ters; “‘wetting’ properties equi- 
valent to epoxy [polyester]. 
Curing temperatures: not to exceed 
50 C above rated operating tem- 
perature (maximum temperature 
reached within the material during 
the curing process) within 12 hr. 

1.2.1.6 Storage in uncured state: mini- 
mum of 6 months [3 months] with. 
out degradation. 

Electrical properties (all at maximum 

operating temperature) . 

1.2.2.1 Volume resistivity: 106 ohm-cm 

1.2.2.2 Dielectric constant: lese than 10 

1.2.2.3 Power factor: lese than $0 per cent 

1.2.2.4 Electric strength: SO [25] vpm 
operating, and 100 [50] vpm test. 

1.2.2.5 Moisture resistance: comparable 
to existing epoxies. 


3 Temperature objectives 


1.2.3.1 —65 to 4-200 C 
1.2.3.2 —65 to +350 C 
1.2.3.3 —65 to +600 C 


1.3 Impregnants 

1.3.1 Should be an essentially void-free mate- 
rial. 
Should have low viscosity [3000 centi- 
poises at impregnating temperature]. 

3 Compatibility with the reat of the insula- 

tion system should be considered. 
Should have low vapor pressure (for satis- 
factory vacuum impregnation). 


1.4 Insulation for conductors 


1.4.1 Mechanical properties 
1.4.1.1 Build: maximum build not to ex- 
ceed heavy [triple 0.5-mil radial 
thickness for #40, 2.5-mil radial 
thickness for #10] Formvar. 
Bend radius: shall not crack when 
wrapped around a mandrel 5 [10] 
times its diam (3 times its diam 
is preferred). 
1.4.1.3 Abrasion resistance: comparable 
to black enamel [silicone enamel]. 


1.4.2 Chemical properties 
1.4.2.1 Compatibility with rest of system 
should be considered. 
1.4.3 Electrical properties 
1.4.3.1 Electric strength: 50 [25] wpm 
operating, and 100 [50] vpm test 
at the high temperature. 
1.4.3.2 Power factor: less than 50 per cent 


2. PULSE TRANSFORMERS 


2.1 Impregnated interlayer insulation 

2.1.1 At maximum operating temperature 
should have dielectric constant (less than 
4, 5) [less than 6] and power factor [less 
than 15 per cent] at 1 me no greater 
than Fosterite or polyester-impregnated 
paper at an operating temperature of 100 
c. 


Electrical properties: operating pulse 
voltage 100 vpm, test voltage 200 vpm 
pulse for a maximum thickness of 200 
mils, 


2.2 Impregnant 
2.2.1 Same requirement as for power trans 
former except dielectric constant should 
not exceed 4, 


2.3 Upper temperature limits of operation 
2.3.1 200 C 
2.3.2 350 C 
2.3.3 600 C 


. BONDING OF CORE MATERIAL 


3.1 A problem exists in the area of bonding mate- 
rial for C-cores. Such material should have al! 
properties of unloaded epoxy presently used by 
core manufacturers but suitable for use at 
elevated temperatures. 
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Table tl—Condition of Sheet Insulations 
After 1000 Hours at 600 C 


Material Condition 


Sheet Insulation 
Ceramic paper 
Phlogopite mica paper 


Little change 
| Little change, except decrease 

in flexibility. 

Disintegrated 

Disintegrated 

Considerable loss of flexibility; 
50 per cent increase in 
thickness. 

Glass cloth disintegrated; mica 
paper became very brittle. 


Asbestos paper 
Glass paper 
Muscovite mica paper 


Muscovite mica paper and 
glass cloth 


Spool Material 
Laminated muscovite mica 
paper 
Muscovite mica paper 
Oxalloy-bonded 


Brittle and delaminated 


Increased in thickness about 
40 per cent; otherwise good 
condition. 


Ceramic, AlSiMag 197 No observable change 


Spools 
Laminated muscovite mica 
paper 
Muscovite mica paper 
Oxalloy-bonded 
Ceramic, AlSiMag 197 


Badly delaminated 
Good condition 


Good condition 


urce: Cited Reference (1). 


The contract was carried out by the Specialty Trans- 
former Department, General Electric Company, Fort 
Wayne, Indiana, with the company’s General Engi- 
neering Laboratory, Schenectady, New York, as a sub- 
contractor in respect to the work on nuclear radiation 
effects. A continuation of this work was carried on under 
a second Air Force Contract (No. AF33[616]-5579), 
with the General Electric Company again as the cog- 
nizant contractor. (2) 

The ultimate objective throughout both phases of this 
work was to accumulate sufficient knowledge by analysis 
and test to lead to the preparation of a design practice 
for the manufacture of the required transformers. Con- 
tributing to this objective was the development of an 
impregnation process that will enhance the properties 
of the transformer coil, adaptations of the hermetic 
and encapsulated construction types to the new environ- 
ments, evaluation of sheet and wire insulations and core 
materials, evaluation of breakdown strength of air at 
high temperatures and altitudes, a design optimization 
study, and evaluations of transformers and air gaps 
in a radiation atmosphere. 


Next issue— 


The next article in this series on transformer materials 
for extreme environments will be devoted to 


Magnet Wire for Extreme Environments 


Sheet and Spool Insulation 


After the elimination of many materials that were 
not applicable to the program, four groups of materials 
were evaluated for interlayer and spool insulation: mica 
and mica paper; glass or quartz cloth and paper; as- 
bestos paper; and ceramics. Both muscovite and phlogo- 
pite mica were represented in the mica group. Table II 
summarizes the physical condition of layer insulation 
and spool materials under exposure to 600 C for 1000 hr. 


Intensive tests in the first program led to the con- 
clusion that from all standpoints (available thickness, 
strength before and after aging, and dielectric properties 
up to 600 C) the phlogopite mica paper was the best of 
the sheet insulation tested. Despite further screening 
and evaluation of various new materials during the 
second contract program, none of these materials ap- 
peared to be applicable. The possibility of using fluor- 
phlogopite synthetic mica sheet was advanced, but no 
quantities were available for evaluation purposes at 
the time. 


All three of the spool materials evaluated could be 
considered acceptable. On the basis of cost and ease of 
manufacture, muscovite mica paper spools were found 
to have advantages over the ceramic spool. Of the two 
bonding materials used with the mica spools—silicone 
and Oxalloy*—the latter would have preference because 
of its inorganic nature and its permanent bonding char- 
acteristic up through 600 C. 


The optimum thickness or build of the spools (rolled 
on a mandrel from untreated mica paper, 2 to 4 mils 
thick) should be 25 to 30 mils. This range is adequate 
for any ground high potential tests that may be specified 
for winding ratings up to 1500 volts. Test data for 30- 
to 35-mil material show an initial strength of 19,100 
volts, decreasing with temperature to 6700 volts at 600 C. 
After 1000 hr aging at 600 C, values as low as 2700 
volts can be expected. Insulation resistance is 10° ohm- 
cm at 600 C and is unchanged by aging. Radiation effects 
can be assumed to be negligible. 


Thermal aging tests on layer insulation (600 C for 
2000 hr) were also conducted by Raytheon Company 
under a Bureau of Ships contract (No. NObsr-72671) 
for the development of high-temperature transformers 
for missile and aircraft use. (3) 

Conclusions drawn from a program covering an in- 
vestigation of 43 materials (particularly research types 
of mica and reconstructed mica) are summarized in 
Table III. In general the preference for phlogopite mica 
supports the results of the work done by General Electric 
Company. 


An interesting type of flexible inorganic layer insula- 
tion has been developed in the Raytheon laboratories 
during the program. This material has as its basis the 
bentonite clay films studied during the 30’s. Tensile and 
tear strengths have been enhanced by incorporating in 
these films a quantity of inorganic fiber, such as glass, 
quartz, aluminum silicate. or potassium titanate. Strength 
can be further improved by a thin coating of silicone 
resin; or, if desired, a thin layer of polyvinyl alcohol 
may be applied for temporary handling strength, and 
subsequently burned off after the coil is wound. Films 


* Trade name of product of Parker Rust Proof Co. 
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as thin as 0.005 in. have been prepared, with breakdown 
voltage of 1500 vpm. 


Fibrous Insulation in Gaseous Atmospheres 


The transformers developed by Raytheon under the 
Bureau of Ships contract are enclosed in hermetically 
sealed cases filled with inert gas. High electric strength 
and thermal stability are the requirements on which is 
based selection of a suitable gas. Perfluoroethane is pre- 
ferred for units operating at temperatures up to 350 C. 
For higher temperatures, it is necessary to use nitrogen 
at a density sufficient to provide the required electrical 
breakdown strength. At high voltages, this means two 
or three atmospheres pressure at room temperature, or 
67 to 110 psig at 550 C. 

The presence of a gaseous dielectric and its permea- 
tion into the porosities and interstices of fibrous insula- 
tion offers a means of further enhancing the insulating 
characteristic of some materials of attractive physical 
and thermal properties. This “gaseous impregnation” 
occurring in gas-filled hermetic units can be compared 
to the upgrading of porous papers and glass by varnish, 


oil fill, or epoxy resins. Tests made on 2-mil and 4-mil 
glass fabric and on 10-mil aluminum silicate mat in 
nitrogen and sulfur hexafluoride show that atmospheric 
breakdown values are improved in a substantially linear 
manner as the pressure increases to 30 psig. For example, 
glass fabric in SF, shows a breakdown value of 250 
vpm at 1 atmosphere and 750 vpm at 30 psig. 

The improvement in electric strength through “gaseous 
impregnation” may make possible the use of many ma- 
terials otherwise unsuitable for use in this application. 


Coil Impregnants 


Transformer coils for 500 C electronic power appli- 
cations are required to exhibit a high degree of me- 
chanical strength. The inorganic electrical insulation 
system which of necessity has to be used for the prescribed 
high-temperature limits is still, unfortunately, fragile. 
Impregnants and fillers are therefore needed to give 
the coil-structure adequate rigidity and protection. It 
is of course essential that the mechanical strength con- 
tributed to the coil by the impregnant should not be at 
the expense of the dielectric properties, 


Table Ili—Summary of 600 C, 2000-Hour Aging Tests on Transformer Layer Insulation 


I. Phlogopite Mica Papers. 

a. Increase in thickness over the 2000- 
hr period was small—only 25 per 
cent. Weight loss of untreated pa- 
pers was only 0.2 per cent. Silicone- 
treated papers lost a maximum of 
3 per cent to 6.9 per cent. Tensile 
strength is variable; initial from 
800 psi to 12,000 psi; final 2300 to 
6600 psi. Samples were embrittled 
somewhat upon aging. Initial tear 
strength varied from 5 to 17 gm; 
after aging, 2.5 to 3.5 gm. 

. Breakdown voltage is only about 25 
per cent lower at 600 C than at room 
temperature. Little if any degrada- 
tion occurred in 2000 hr at 600 C. 
Insulation resistance drops from the 
1,000,000 megohm value at room 
temperature to about 200 megohms 
at 600 C. 

. Room-temperature dissipation factor 
(1000 cycles) is in most cases less 
than 1 per cent and in all cases less 
than 2 per cent. At 600 C it ranges 
from 6 to 16 per cent. Some im- 
provement occurs upon aging, prob- 
ably due to loss of water from the 
crystal lattice. 


megohms; 


II. Muscovite Mica Papers 


a. Increase in thickness is greater than 
in the case of phlogopite papers and 
varies from 50 per cent to 200 per 
cent. Untreated samples lose 1.5 to 
5.0 per cent weight in 2000 hr; 
silicone-treated papers lose 5 per 
cent to 12 per cent. Tear strength 


factor. 


run from 4 to 22.5 gm; final values 
after aging, 0.3 to 5.7 gm. 

. Breakdown voltage is about 2.5 per 
cent lower at 600 C than at room 
temperature and is not degraded 
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Insulation resistance 
deteriorates markedly upon aging. 
Typical values: 
final, 2000 to 10,000 
megohms. Dissipation factor before 
aging ranges from 0.0006 to 0.0186. 
After aging, large increases occur, 
giving final values of 0.058 to 0.30 
(room temperature). High tempera- 
ture (600 C) dissipation factor is 
very poor; initially 12 to 50 and 
increases upon aging. 


upon aging. 


III. Synthetic Mica Paper, Silicone-Bonded 


Low breakdown voltage, 250 vpm. 
Room-temperature insulation resist- 
ance deteriorates from 1,000,000 to 
13,000 megohms; 600 C value goes 
from 70 to 50 megohms in 2000 hr. 


IV. Rigid Mica Products 


a. Glass-bonded mica sheet has good 
breakdown and insulation resistance. 
Room-temperature dissipation factor 
is good (less than 0.01), but it in- and 
creases to more than 0.50 at 600 C. 
No deterioration upon aging. 

. Amber high-heat mica has good 
breakdown and insulation resistance. 
Room-temperature dissipation factor 
is 0.036 to 0.048; at 600 C, 0.36 to 
0.43. It is stable at 600 C. 

..Mica-ceramic has low breakdown 
strength and high initial dissipation 


V. Inorganic Fibers 


a. Silicone-treated glass cloth disinte- 
grates upon aging. 

is extremely variable; initial values b. Woven electrical glass tapes retain 
most of their tensile strength after 
2000 hr at 600 C. Breakdown is ap- 
proximately 250 vpm at room tem- 
perature and 150 at 600 C. Dissipa- 
tion factor at 600 C is about 0,15, 


c. Aluminum silicate fiber mat has very 
low breakdown (less than 100 vpm) 
for a porous material. Insulation 
resistance improves on aging. Initial 
tensile strength is very low, and 
deteriorates badly upon aging. 
Initial room-temperature dissipation 
factor is 0.13 to 0.18; it improves 
upon aging, giving final values of 
0.0055 to 0.033; 600 C dissipation 
factor is high, 20 to 0.52. 

. Silicone-treated asbestos has better 
electrical and mechanical character- 
istics than the untreated material; 
initial tensile strength and break- 
down are high, but these deteriorate 
very rapidly as the silicone resin 
decomposes at 600 C. Weight loss is 
high at 21 to 25 per cent. 

. Woven quartz tape tested is not 
actually quartz, but glass from 
which the alkali ions have been 
removed chemically. Room-tempera- 
ture insulation resistance is high 

remains high upon aging. 

Room-temperature dissipation factor 

is less than 0.01 and improves to 

0.0003 upon aging. 600 C dissipation 

factor, however, is greater than 0.50. 

Tensile strength is not as good as 

woven glass. 

. The glass-fiber-cloth-mica paper la- 
minate arates into individual 
sheets of glass cloth and mica paper 
after a short period of aging, due to 
failure of the bonding agent. This 
would be a useful product if the 
bonding agent were stable. 


initial, 1,000,000 


Source: Cited Reference (3), Sixth Interim Develop- 
ment Report. Note: All teste were performed in an 
air atmosphere. During the 2000-hr test period, 
samples were removed from the ovens and tested 
at 100, 250, 1000 and 2000 hr for weight loss, tear 
strength, tensile strength, electric strength, insulation 
resistance and dissipation factor at room temperature. 
Electrical measurements were also taken at 600 C 
at 100, 1000 and 2000 hr, 
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Fig. 1—Insulation resistance vs temperature for hermetic trans- 
formers treated with aluminum phosphate and untreated, 


Source: Cited Reference (2). 


A series of feasibility trials under the Air Force con- 
tracts (2) led to evaluation tests of the following ma- 
terials: 


a. aluminum phosphate solution (AIPO, ) 
. AIPO, plus 2 per cent Cab-O-Sil (fine silica, particle 
size 0.02 to 0.03 microns) 
>. AIPO, plus 2 per cent boron nitride (particle size 
about 3 microns) 
d. sodium silicate. 


The evaluation tests were first made on coil specimens 
(Group I) constructed as follows: 


@ Spool: AlPO, bonded mica paper built up to a 0.030- 
in. thickness; 
section by 14 ¢ in. long. (The length repre- 
sented the worst condition that could be ex- 
pected in the use of the smallest diameter 
wire contemplated for this system.) 


34 in. by \% in. inside cross 


0.0126 in. diam pure silver single-glass-insu- 
lated; 0.010 in. diam pure silver double-glass- 
insulated; eight layers of each diameter with 
39 turns per layer of the larger diameter and 
60 turns of the smaller; wire traverse was 
2% in. 


@ Layer insulation: 0.0045 in. thick phlogopite mica 
paper. 


84 


Final feasibility trials involving two large coils (one 
impregnated with AIPO,, the other unimpregnated) 
showed (Fig. 1) that the presence of the impregnant 
probably did not significantly affect the insulation of 
the coil. It was also apparent that heat aging has no 
significant effect on insulation resistance. (The larger 
final values are due to the greater distance between 
“electrodes.” 

In summary: Aluminum phosphate alone and the two 
modified AIPO,’s all gave greatly improved strength and 
rigidity to the coil. It is difficult to make a single solid 
choice among them, either on the basis of strength or 
dielectric properties. Sodium silicate was found totally 
unsatisfactory as an impregnant since at 550 C it is no 
longer an insulant. 

The coils tested, however, exhibited severe wire break- 
age owing to the small-diameter silver wire used in their 
construction. This difficulty limited the extent of data that 
could be developed. It was necessary to extend the tests 
to a new set of coils (Group II) using 0.0359-in. double- 
glass silver wire, but otherwise identical in every respect 
to Group I. The number of layers had to be reduced 
from 16 to 5 and the turns per layer from 60 to 13 
because of the larger wire size. 

Short-time tests were made as follows (one coil im- 
pregnated with AIPO,, the other unimpregnated) : 


1. Power factor, capacitance and insulation resistance 
measured at 30, 100, 200, 300, 400, 500 and 600 C 
between all layers of each coil; stabilized at approxi- 
mately each of these temperatures for 2 hr before mak- 
ing the measurements, 


2. Electric strength measured between the outer two 
layers of each coil at 550 C and between the inner two 
layers at room temperature. 


Insulation resistance values between layers before 
aging were found to decrease with increasing temperature. 
The unimpregnated coil had higher readings (with no 
exceptions) by a factor of about 3 to 6 throughout the 
temperature range. AIPO, seems to have a slightly modi- 
fying influence on the coil insulation system as measured 
by insulation resistance. Data taken after 1000 hr heat 
aging, however, seem to negate this indication since there 
is no significant difference between the coils. 

The data also imply that the breakdown strengths of 
the impregnated and unimpregnated coils are roughly 
equivalent, and that AIPO, does not have an adverse 
effect from this standpoint on the coil insulation system. 

Evaluation tests were also made on phlogopite mica 
paper in sheet form. Resistivities and electric strength 
values were measured on plain mica paper and on 
AIPO,-impregnated paper. Average values were obtained 
as follows: 


Resistivity, ohm-in. 

300 C 600 C 
2.36 KX 10% 2.86  10°° 
3.68 x 10" 121 10" 


Plain mica paper 
AIPO,-impregnated mica paper 
Electric Strength, vpm (rms) 
300 C 600 C 
Plain mica paper 260 280 
AIPO,-impregnated mica paper 258 240 
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It is evident that the presence of aluminum phosphate 
in phlogopite mica paper does not affect to any appre- 
ciable extent its basic insulation resistance capability 
nor its electric strength. A similar comparison of evalua- 
tion data for capacitance, dissipation factor and dielec- 
tric constant also indicates that the addition of AIPO, 
does not significantly alter these characteristics in the 
mica paper. 

Systems tests on completed transformers were also 
made to determine the ultimate effect of AIPO, on the 
overall transformer system. An analysis of the data in- 
dicates that the presence of aluminum phosphate does 
not affect the electrical performance of the transformers. 
There is, however, this negative point: AlPO, contributes 
to corrosion in the laminations (although the effect is 
not particularly deleterious) and also in the silver wire 
joints made with certain types of silver solder. 

The overall conclusions in the coil impregnation pro- 
gram are these: 


1. The inorganic solution AIPO, has evolved as a 
successful impregnant for electronic transformer coils 
constructed of mica-sheet insulations and glass-served 
wire insulation. It is successful primarily because it im- 
parts rigidity and toughness to the coil without sig- 
nificantly altering the basic properties of the insulation 
system. 


2. Disadvantages of AIPO, when used as a coil im- 
pregnant are its low solids content, slight corrosiveness 
and affinity for moisture. 


The fact that some disadvantages persist with AIPO, 
has led to suggestions that a further study be made in 
other categories of possible impregnants such as the 
boron polymers, fluorinated materials, phosphinoborine 
polymers, phosphorus compounds, various semi-organic 
polymers and the silicones. A literature survey is included 
in the complete contract report. (2) 


Ceramic Insulations 


Ceramics (other than electrical insulation) fill a fun- 
damental function in the high-temperature transformers 
as encapsulating or filler materials. Refractories and 
vitreous ceramics have been investigated in these pro- 
grams. Since their function is primarily mechanical, they 
will be discussed in another article in this series which 
will concentrate on materials for this function. 


Nuclear Radiation Effects 


Dynamic testing of equipment in a nuclear reactor 
presents certain unique problems of environment and 
measurement: specifically, space facilities, inaccessibility, 
data.taking, and processing. (4) To a major extent, 
therefore, the preliminary stages of the Air Force nuclear 
radiation studies (5, 6) were devoted to the establish- 
ment of test procedures and the design of test apparatus. 

A program for the irradiation testing of materials 
and transformers with approximately 1000 hr of irradia- 
tion for each test was successfully completed in the Brook- 
haven National Laboratory Reactor. Tests indicated 
that a number of materials were suitable for operation 
under the required radiation and temperature condi- 
tions. Component tests showed that units could be built 
to operate satisfactorily for 1000 hr under the required 
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Fig. 2—Glass-cloth insulation. 
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Fig. 3—Mica-paper insulation. 
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Fig. 4—Ceramic insulation. 
Source: Cited Reference (5). 


radiation and temperature conditions. These tests indi- 
cated that the greater effect, by far, on materials proper- 
ties and transformer operating values was that of high 
temperature. 

A representative sampling of test data is shown in 
Figs. 2 and 3 (sheet insulation) and Fig. 4 (ceramic 
insulation). An analysis (7) of the data in Fig. 2 may 
bé applied to the other curves. It will be noted that the 
starting time of the test coincides with reactor start-up 
time. For the first 6 hr, there is a progressive decrease 
in insulation resistance, primarily from the effects of 
temperature alone. All values after the initial reading 
shown at 500 C were made at the same temperature. An 
increase in insulation resistance during reactor shutdown 
is clearly indicated. Any decrease in insulation resistance 
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may be attributed to the effects of ionization. The peaks 
in insulation resistance during reactor shutdown are 
greater than values reached through the effect of tem- 


perature alone. 


Air Dielectric 

Air becomes a critical dielectric in the determination 
of spacings of terminals in transformer design for ex- 
treme environments. The density of air is decreased by 
temperatures of the order of 500 C and altitudes of 
100,000 ft. Under nuclear radiations, air particles be- 
come ionized. Both the density decrease and the ioniza- 
tion are unfavorable to breakdown strength. 

During the first phase of the Air Force R & D pro- 
gram, the effect of altitude alone on the electric strength 
of air was determined. This was done with the use of 
needle-point (representing the 
worst and best possible situations that might be en- 
countered in practice) and with ceramic-collared ter- 
minals. Spacings up to 4 in. between electrodes and alti- 
tudes up to 150,000 ft were tested. Temperature was not 
introduced as a variable because of the additional com- 
plexity of the test set-up. It was calculated from the 
gas laws, however, that a 500 C temperature (as one 
way of expressing it) had an equivalent effect of adding 
between 20,000 and 25,000 ft to the altitude, depending 
upon the base altitude under consideration. In the ab- 
sence of any data that could be taken directly or deduced 
from the literature, it was considered essential to de- 


and sphere electrodes 


termine experimentally how temperatures as high as 500 
C in combination with high altitude affect the dielectric 
breakdown strength of air. 

It was concluded from these tests that: 

1. Temperature has an additional adverse effect on 
the breakdown voltage other than the effect of tempera- 
ture on air density. 

2. For 1500 volts rms at 100,000 ft at 580 C, an 
electrode spacing of 10.7 in. will be required. 

3. The derating factor necessary for these terminals 
to operate at 100,000 ft at 580 C is very high. For the 
specimens tested it amounts to approximately 95 per 
cent of the test values at standard conditions. 


The effects of nuclear radiation on the electric strength 


of air were investigated by plotting breakdown voltage 
data against pressure for each gap and condition of 
radiation. From these curves, breakdown voltage vs pres- 
sure data were interpolated for specific temperatures. 

The data and curves derived in these tests (8) indicate 
that nuclear radiation at the high intensities investigated 
had a noticeable effect on breakdown voltage and d-c 
conductivity of a gap. The data also demonstrated that 
the breakdown voltage of a gap decreased with decreas- 
ing pressure (temperature constant) and increasing tem- 
perature (pressure constant). 

Under conditions of intense nuclear radiation, spark- 
gap breakdown is lowered by about 20 per cent. The 
effect of photoelectrons during radiation probably makes 
available a large number of electrons in the gap at all 
times to start ionization, resulting in increased conduc- 
tivity, and breakdown at lower voltage values. 

Earlier studies of spark-gap breakdown have shown 
that accuracy could be increased by irradiating the gaps 
with ultraviolet light, with a resulting reduction in the 
average value of breakdown voltage by several per cent. 
Nuclear radiation therefore should have an appreciably 
greater effect. Since radiation is a form of energy, the 
probability of photoionization is proportional to the 
radiation intensity. 

Radiation accounted for at least a three-decade lowering 
in gap d-c insulation resistance. Changes in d-c insula- 
tion resistance under radiation conditions, as a result 
of varying temperatures, were less than half a decade. 

The altitude, temperature and nuclear radiation tests 
of the dielectric properties of air provide data that should 
help the designer to establish safe voltage breakdown 
distances between terminals, and between terminals and 
ground, for transformer applications under extreme alti- 


tude and radiation conditions. OOO 
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RMS-Sensing Regulator 
Designed for Reliability 


For many applications, regulation of line voltage must be with reference to rms 


values. The sensing of rms error voltages is a major problem, as the various avail- 


able highly sensitive methods of measurement are lacking in ruggedness and relia- 


bility. By designing one total regulator system for less critical sensor requirements, 


rugged thermal elements such as thermistors and incandescent lamps can be used 


for error detection. 


Comparison of RMS-Sensing Techniques 


RMS sensor 


Thermistors 


Lamp bulbs 
Saturated diode 


Average sensor 
(saturating core) 


Average sensor with 
filtered line 


Thermocouple 


Square-law simulator 


Hall-effect devices 


Electrodynamic and 
moving-vane meters 


| 





Low-load imped- 


| ance requirement 


~ 


* 


s High operating 
| power level 


* 








| Fast response 


* 


* 


Other comment 


Sensitive to ambient 
temperature. 


Sensitive to shock. 


Extremely accurate; reli- 
ability and life are 
limited by high operat- 
ing temperature _re- 
quired. 


Requires constant fre- 
quency and waveform. 


Inefficient ——- requires 
constant frequency. 


Sufficient accuracy diffi- 
cult to obtain. 


Mostly experimental. 


Sensitive to shock, vibra- 
ation and stray fields. 


GEORGE SCHOHAN 

Project Engineer 

U. S. Navat OrpNance LABoRATORY 
White Oak, Silver Spring, Maryland 


RELIABLE HIGH-POWER rms line-voltage regulator design 
becomes difficult when the operating conditions are severe. 
To obtain fast response and to keep sensor size within 
reasonable limits, a high-gain d-c type of vacuum-tube 
amplifier is usually employed to amplify sensor output. 
This expedient, however, detracts considerably from the 
regulator ruggedness and reliability otherwise possible, 
since the main stabilizer can consist of simple rugged 
components such as capacitors and magnetic-core devices. 

The need for reliable and fast-responding rms regula- 
tors for operation of shipboard electronic equipment led 
to study of this problem by the Naval Ordnance Labora- 
tory. After evaluating existing regulator designs and 
studying rms-sensing techniques, a regulator of simplified 
design was developed in which performance capability 
is retained at little sacrifice in reliability. The regulator 
corrects for variations in voltage, frequency, waveform 
and load. 


Regulator Types. Voltage regulators are classified as 
simple or compound, depending on circuit and mode of 
operation. Simple regulators employ no feedback and 
depend on magnetic cores of fixed saturation level to 
hold output constant at an average value. A typical 
example of this type of regulator is the ferroresonant 
stabilizer shown in Fig. 1(a). The linear choke L,, iso- 
lates the input from the output while saturable reactor 
L, limits the output voltage to the rated value. In this 
particular example, the functions of eapacitor C are to 
give rated output voltage when the input voltage is at a 
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minimum to partially compensate for the saturated in- 
ductance of L,, and to give much-improved output wave- 
forms by the process of ferroresonance. (1) * 

The ferroresonant stabilizer has the outstanding prop- 
erty of correcting for an input voltage step within one- 
half cycle of the supply frequency. However, it is ex- 
tremely sensitive to frequency changes and, to a lesser 
degree, changes in load. 

Feedback, or compound, regulators may be electro- 
mechanical or static, either type finding use as rms stabi- 
lizers. Typical feedback regulator is the recently suggested 
circuitry of Fig. 1(b). (2) Resemblance to the simple 
ferroresonant stabilizer is self-evident, the only change 
in the main stabilizer being the substitution of the fixed 
reactor and magnetic amplifier, L,,. In operation, the 
voltage absorbed by L,, is a function of the net d-c 
applied to both bias and control windings. Output devia- 
tions are sensed and a resulting amplified control signal 
of proper polarity to restore rated output is applied to L,.. 
Fixed bias current J, is adjusted to give rated output 
when operating conditions are normal. 

For rms applications, this feedback type of stabilizer 
appears to have distinct advantages over other designs 
studied. Open-loop sensitivity to variations in input volt- 
age, frequency and waveform is reduced so that relatively 
minor corrections are required of the feedback loop. In 
effecting major open-loop corrections, the speed of re- 
sponse appears to be well within desirable limits. 

With this regulator, the operation of saturating cores 
in series requires that each element be designed for 
proper magnetizing current as well as for proper voltage- 
absorption capability. Design is troublesome in _high- 
power applications since magnetic properties are difficult 
to predict with use of large cores. A second important 
consideration is choice of an rms sensor which will not 
only provide proper performance but will also permit 
the elimination of vacuum-tube circuits often used to 
amplify sensor output. 

Sensor Design. For use in the regulator, sensor de- 
sign objectives were simplicity, reliability and fast re- 
sponse. Since magnetic means were to be used to amplify 
sensor output, the sensor load impedance was to be low 
and the output power requirements relatively high. A 
final restrictive requirement was proper operation with 
varying frequency and waveform. 

The accompanying table compares various rms-sensing 
techniques with respect to the above requirements. A 
study of the table indicates that thermistors and heated 
filaments (lamp bulbs) are least objectionable for the 
application. Both are commercially available and require 
no special design effort. Since the basic regulator design 
requires only second-order feedback corrections, sensor 
size can be reduced. 

Regulator Design. The complete regulator circuit is 
shown in Fig. 2. The stabilizer was required to operate 
under the following conditions: 

. load rating: 300 to 1000 va 

. frequency: 60 cps + 10 per cent 

. input: 115 volts + 10 per cent, — 20 per cent 
, output: 115 volts rms, + 1% per cent 


Output voltage was required to be insensitive to input 
waveform distortion but no restriction was placed on 
the distortion of the output waveform. Such requirements 


* Italic numerals in parentheses refer to Cited References at end of article. 


Control - Je 


Fig. 1—Typical static voltage regulators: (a) simple ferroreson- 
ant stabilizer, and (b) compound ferroresonant stabilizer. 


are typical in shipboard applications, with portable gene- 
rating equipment, or in other electrical systems where 
generators may be operated at or near maximum rated 
capacity. 

Referring to Fig. 2, the main stabilizer consists of 
linear inductor L,, capacitor C with non-saturating trans- 
former 7, to reduce capacitor size, and reactor L,. Re- 
actor L, replaces both saturating elements of Fig. 1(b) 
to make the design independent of magnetizing current 
level. The core for L, is of the type usually employed in 
3-phase transformer design. 

In operation, the main stabilizer follows the arrange- 
ment of Fig. 1(b), except that signal and bias current 
are both supplied from the preamplifier. The L, control 
winding encompasses only the center iron area, while 
the outer core area effectively replaces the fixed L, core 
of Fig. 1(b). 

The preamplifier is a self-saturating d-c load type of 
magnetic amplifier. Supermalloy core material is em- 
ployed to give an improved gain characteristic. To reduce 
interaction between the main stabilizer and the pream- 
plifier, a decoupling circuit consisting of Rp:, Rp. and 
back-to-back capacitors Cp is provided. The preamplifier 
also features a negative feedback winding and a special 
flux-presetting circuit. 

The negative feedback winding, Vy, reduces the change 
in regulator output voltage (with no sensor included) 
when variations in operating conditions occur, helps to 
establish the quiescent bias current supplied to reactor 
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Switch 
Output 
* 
c 


Alternate thermistor 
sensor Rs, 


Balance 


Fig. 2—Complete circuit of magnetic voltage regulator, 1000 va. The sensor may be two 3-watt, 120-volt bulbs or a single 6-watt bulb. 
The alternative thermistor sensor employs four Western Electric D-166382 bead-type thermistor units. 


L,, and, by adjustment of Ry, provides a convenient 
method of damping for closed-loop operation. Secondary 
effects of feedback are a more linear preamplifier gain 
characteristic and reduced delay. The flux-presetting ar- 
rangement for the preamplifier cores permits the use of 
the a-c components Cr and Lr. These frequency-sensitive 
elements are employed to reduce the effect on regulator 
output of a supply-frequency change with no sensor in- 
cluded in the circuit. The tuned circuit is adjusted to 
resonate at a frequency somewhat below the lowest regu- 
lator design frequency and results in the impedance 
characteristic shown in Fig. 3. The effect of this circuit 
on regulator output is shown in Fig. 4. Variable resistor 
R, (Fig. 2) is provided to establish the quiescent level 
of L, bias current. Major portion of the total preset im- 
pedance is included in the fixed resistor, Rr, to minimize 
interaction between preamplifier cores. 

From the above description it is apparent that primary 
emphasis has been placed on reducing output-voltage 
changes prior to the installation of the rms sensor. Open- 
loop output-voltage changes vs changes in frequency, 
load and input voltages are shown in Fig. 5. The droop 
in the 60 cps characteristic indicates that interaction be- 
tween core L, and the preamplifier has not been entirely 
eliminated. Deviation of the high-frequency characteristic 
is directly attributed to core L, design limitations as in- 
dicated in the detailed discussion of the design of L,. 

Closed-Loop Design and Performance. Regulator 
closed-loop operating characteristics were obtained with 
the lamp arrangement shown in Fig. 2, but performance 
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ig. 3—Impedance characteristic of regulator tuned circuit. 


With tuned 
circuit 


Output voltage 


a % No tuned 


circuit 


54 60 66 
Frequency, cps 


Fig. 4—Effect of tuned circuit on regulator, without rms sensor. 
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Input voltage 
(a) 


HO 
Input voltage 
(b) 


Fig. 5—Regulator output voltage characteristics with sensor re- 
moved: (a) maximum load and (b) minimum load. 


was duplicated with thermistors (arranged as indicated) 
as the alternate sensor. The choice of a sensor will depend 
on the particular application. Where shockproof equip- 
ment is necessary, the thermistor sensor would be pre- 
ferred. A lamp sensor would be used where environmental 
temperature changes are excessive and where shock re- 
quirements are not too severe. 

To increase lamp life, the bulbs are operated with 
half rated voltage applied. Other resistors in the sensor 
circuits are considerably derated to reduce regulator 
warm-up period. A single lamp could replace the dual 


Better ederet esr, 


VME 
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per cent 


er foctor, 


Pow 





Input voltage 


Regulator power factor at full load. 





Efficiency, per cent 


110 
Input voltage 


Fig. 7—Regulator efficiency at full load. 


arrangement shown and could function as an off-on 
indicator. If the regulator is employed to supply electronic 
equipment, one of the tube filaments could be used as 
an rms sensor. For some critical applications where 
continuous regulator operation is essential, a relay could 
be inserted to open the sensor circuit automatically upon 
sensor failure. 

Characteristics of full-load power factor and efficiency, 
and closed-loop output-voltage variation are plotted in 
Figs 6, 7 and 8. In the efficiency characteristic, the power 
drawn by the sensor and preamplifier is considered a loss. 


Fig. 8—Closed-loop output voltage variation over the operating range of the regulator: (a) maximum load and (b) minimum load. 
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Output voltage accuracy is reduced somewhat at the 
high-frequency operating condition. Higher accuracy can 
be achieved with a larger ratio of core L, controllable 
area to total area, as explained in the core-design details. 
With the use of a saturating core specially designed for 
this application, accuracy of 0.25 per cent around some 
fixed output level could easily be obtained. Maximum 
regulator response time occurs with a decrease in input 
voltage. Major correction occurs in 4 cycles, whereas 
overall correction requires approximately 12 cycles. Wave- 
form distortion over the operating range results in dif- 
ferent peak values to give rated output. Distortion of the 
input waveform has no noticeable effect on regulator 
output. 

The rms regulator described is characterized by sim- 
plicity, ruggedness and reliability. For improved ac- 
curacy, core L, requires a larger ratio of controllable 
area to total area than was possible in this initial design. 
This change should result in further simplification of the 


rms sensor, perhaps to the extent that a single thermistor 
or lamp bulb of reduced power rating may be employed. 
In other respects, regulator performance is compatible 
with or exceeds the requirements for a number of critical 
applications. 

Acknowledgments. We are indebted to Mr. A. D. 
Krall for the design of the rms sensors described and 
to Messrs. Krall, Raskin and Warden, who assisted in 
tests on the completed regulator. O00 
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Design of Saturating Reactor for Voltage Regulator 


THE PROCEDURE in the design of key com- 
ponents and associated circuits for voltage 
regulators and similar equipment which 
depends upon non-linear magnetic devices 
is to design the critical component as ac- 
curately and as realistically as possible and 
then to make final adjustment of other cir- 
cuit components as needed for the desired 
overall performance. (3) A rational and 
usable engineering design approach for the 
voltage regulator saturable reactor L, is 


ments are: 


simple 


Fig. 9—Regulator operating extremes: 





i fiipenecsas See, a autiees i a 
Curve A: oo = max ss, 92 volts, 


R, = |2 ohms 





___ Curve 8: J, =0,£;, = 126 volts, 
Tal! = 12 - 33 ohms 


20 
Frequency, cps 


Voltage rating of core Ls 


ig. 10—Operating characteristic of core L,. 


»— 
Fig. 11—Determination of L,,. 
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outlined in the following. Regulator require- 


ferroresonant 


value. To obtain rated output, core L, 
virtually disappears from the circuit under 


input voltage — 92 to 126 volts the influence of maximum control (in 
frequency = 54 to 66 cps 
load = 12 to 33 ohms 

output voltage = E, 
Core L, Design. The output voltage of a 
stabilizer decreases 
with input frequency, input voltage and in- 
creased load. Operating conditions of Fig. 
9a tend to reduce output to a minimum 


dicated by the open switch). Figure 9 is 
employed to construct an operating char- 
acteristic for core L, with frequency as the 
independent variable. In Fig. 9b the con- 
trollable area is ideally totally saturated 
due to operating conditions which increase 
output to the maximum value. 

Referring to Fig. 10, point A is deter- 


= 115 volts rms 


(a) with I, at maximum to boost output and (b) with J, = 0 to reduce output. 





mined from Fig. 9a and point B from Fig. 
9b. The path of operation for core L, is 
the dotted line joining A and B. Since 
core voltage rating is proportional to fre- 
quency, A; and B; may be determined. A 
straight line is drawn joining A to A; and 
a dotted line joining B to B,. Curve B-B, 
requires downward adjustment to B’-B’, 
since the usable core area is approximately 
85 per cent of theoretical core area. 


Ve 


Vp, Va ~ 90 volts 


Similarly, 


Vs,—Vs 
0.85 


Vy ~ 110 volts 


The volt-ampere rating of the controllable 
core is indicated by the vertical distance 
between curves A and B’. Calculations can 
be made on the basis of maximum load 
since previous design has shown curve B' 
to be relatively independent of this variable. 
(2) Therefore, at 54 cps, the volt-ampere 
rating of controllable core area equals 


yi 72 
V oo J B’; 


Rerun 


Approximate numerical results are tabu- 
lated below for three different frequencies: 


VA Rating 
of Controllable 
Frequency, cps Core Area 


54 425 
60 520 
66 740 


Core L, total va rating is a function of 
the change in input voltage. Referring to 
Fig. 9a, if the input voltage rises to 126 


26 


Core L, must dissipate approximately 


(157)? — (115)? 


_ = 960 va 
12 


at 54 cps. Since, from Reference (2), 
Teore y= K vf (1) 


the effect of frequency on va dissipa- 
tion can be calculated. The results are 
numerically tabulated below. 


Total Core 
Frequency, cps L, va Dissipation 
o4 960 
60 1000 
66 1050 


The above tabulation shows that at the 
critical high-frequency condition: 
VA controllable area 
VA total area 
= Cross section of controllable area 
Total cross-sectional area 
= 70 per cent 
By removing laminations from the outer 
section of core L, it was possible to obtain 
a ratio of only 60 per cent and it is for 


this reason that regulator accuracy is re- 
duced at high frequency. A higher ratio 
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was nol empioyed since there was insuffi- 
cient window space for the increased power 
turns then required. 

Power turns required for reactor L, are 
calculated for the known conditions of 
point A of Fig. 10. Therefore, 


N,3*———— 2 
P 4.44 fiowAB (2) 


where 


Ny = power turns per leg 

A = total core cross-sectional area 
(sq cm) 

B = flux density at saturation (gauss) 


The largest wire size possible is employed 
for N, to reduce heating at light load. 


Values of L, and C. Because of the 
large size of core L,, it exhibits an induct- 
ance L,, at saturation. As regulator input 
voltage is increased and core L, operates 
further into the saturation region, the detri- 
mental effect of saturated inductance be- 
comes more pronounced. For the conditions 
shown in Fig. 9a, L, must be compensated 
for by output capacity adjusted for parallel 
resonance with L_. This capacity is in addi- 
tion to that required for normal operation 
of the ferroresonant circuit. Therefore, 


C, = total output capacitor = C, + C, (3) 


where Cj = output capacitor to be de- 
termined and 

1 
(2fiow)’ L, 

The procedure followed to obtain L, and 
Cy values is: 

1. From Fig. 9a an equation is derived 
relating input and output voltage in terms 
of the circuit constants. 

2. A condition of maximum power trans- 
fer is assumed in Fig. 9a and approximate 
values of L, and C, determined as design 
guides. 

3. From previously derived theory, an 
equation for maximum input voltage is 
determined for the ideal case. This equa- 
tion is examined for the critical conditions 
with respects to load and frequency. 

4, Equations derived in (1) and (3) 
above specify L, and C, values to obtain 
the required operation in the ideal case 
of no losses. An increase in operating range 
is necessary for practical application. The 
exact amount of increase is initially de- 
determined empirically, but the results can 
be applied in other regulator sizes. 

Referring to Fig. 9a, 


C, = 


(4) 


/ 


En <E,| (sore) 
“inlow = 0 Rom 


ql = © low Li on | (5) 


For maximum power transfer, 


Calculated values 


_ Xo 
"24 en 
and by substitution of Eq (6) in Eq (5), 
Reon 


<< (= ) “it @ 
E\n tow 


In this case, L, cs 0.0170 henry, and 
C, = 184 af. 

Any ferroresonant stabilizer has an as- 
sociated maximum input voltage above 
which output waveform is excessively dis- 
torted. Buchhold and Stuhlinger in their 
basic work in this field have described a 
graphical method for obtaining this volt- 
age. (1) By applying vector algebra to the 
graphical solution, and for the restrictive 
condition, 


Xr (6) 


sie, £1 (8) 


As determined from approximate values of 
L, and C,, 
En max = Ein high = 0.76 E, - 


wL, 2 1% 
woL Y 2 mame 9 
jas nor + (4) | (9) 


In Eq (9), a square output waveform is 
assumed with no transient losses and volt- 
ages are adjusted to the rms value. Ex- 
amination of Eq (9) shows that the mini- 
mum value of E,, jn, occurs at the no- 
load, low-frequency condition. Therefore, 


Ein max = Ein high > 0.76 E, , 
(1 + wjowl1O,) (10) 


is the desired design equation. 

Equations (5) and (10) state regulator 
operating range in terms of L, and C, 
values and are applicable for the case of 
no real or reactive losses. Copper losses 
and transient iosses in the ferroresonant 
circuit both tend to reduce regulator op- 
erating range. The equations are used in 
design by assuming the operating range 
is larger than actually required. An adjust- 
ment of 10 to 15 percent in Ey, joy and 
E in nigh Values results in close approxima- 
tion to actual required values of L, and C,. 

As mentioned earlier, the value of C, 
must be increased to compensate for the 
inductance of core L, at saturation, L,. 
Value of L, can be approximately deter- 
mined by the method shown in Fig. 11 
(p 91), in which J. is adjusted until 


he Qutre (11) 
and therefore 
- = ().254 henry in this case 

low 42 


Employing Eq (4), C, = 34 uf. 

Actual and calculated L,; and C, values 
using Eqs (3), (4), (5) and (10) are 
compared in the table below. 


Actual values 





10 per cent adjustment 
280 uf 
0.0210 henry 


0.0209 henry 


15 per cent adjustment 


309 yf 315 uf 


0.0212 henry 
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Fine-Pitch Gear Trains 


Gear quality classifications, center-dis- 
tance considerations and backlash prob- 
lems are discussed with respect to fine- 
pitch gear applications in electromechani- 
cal computers, servo-positioning feedback 
systems, instruments and radars, and in 
line with current and projected ACMA 
standards. 


FREDRICK T. GUTMANN 
Development Engineer 
ITT Laporatories 

Nutley, N. J. 


IN PRACTICALLY ALL small precision gear trains found 
in servo-positioning drives, instruments, and radars, 
fine-pitch precision involute gearing of 20-deg pressure 
angle is used, which conforms to standards 207.04 and 
236.04 of the American Gear Manufacturers Association 
(AGMA). (See panel below.) Such gearing has a dia- 


metral pitch of 20 or finer. We will discuss here gearing 


Referenced AGMA Standards 
AGMA 112.03 (ASA B6.10-1954) : American Stand- 


ard, Gear Nomenclature—Terms, Definitions and 
Illustrations. 


AGMA 207.04 (ASA B6.7-1956): American Stand- 
ard, 20-Degree Involute Fine-Pitch System for Spur 
and Helical Gears. 


AGMA 236.04 (ASA B6.11-1956) : American Stand- 


ard, Inspection of Fine-Pitch Gears. 


All three standards are sponsored by the American 
Gear Manufacturers Association, 1 Thomas Circle, 
Washington 5, D. C., and the American Society of 
Mechanical Engineers, and are published by the latter 
at 29 West 39 St., New York City 18. They are obtain- 
able also from the American Standards Association, 
70 East 45 St., New York City 17. 
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made to these standards and only the most common 
type; namely, spur gearing. 

Usually, all three of the following requirements must 
be met in servo gear trains: 


(a) minimum reflected inertia 
(b) accuracy within specified limits 
(c) backlash within specified limits. 


Reflected Inertia. The inertia J, reflected at the 
input of a gear train is a function of the mass of the 
driven gears and the gear ratio, from 

Ir cindy (1) 
n 
where 


{ = inertia of the driven gear or component 
n==.atio between input and driven gear or component 


Ar a general rule, reflected inertia beyond the first 
or second pass is negligible if the first pass has 
ratios of no more than 1:2.5 or 1:3. The mass (and 
thus the inertia) of gears can be minimized by making 
them of aluminum, holding face width to a minimum 
and providing lightening holes. 


Gear Quality Classification 


In AGMA gear standards, the accuracy of a gear is 
expressed as its total composite error (TCE). If we roll 
a gear in mesh with a perfect rack, its center of rotation 
will describe the curve shown in Fig. 1. The basic 
sinusoidal shape of the curve shown by a dotted line 
is due to the unavoidable runout of the gear. The distance 
between the highest and lowest excursion of the solid 


Total composite 
error (TCE) 


Error, in 


Runout 


Tooth-to-tooth 
composite error (TTCE) 


Angular rotation, deg 


Fig. 1—Total composite error (TCE) of gear defined. 





Geor 


O.D. of standard pinion 
Enlarged O D 


bear 


Fig. 2—Effect of gear-tooth geometry on mesh between gears. (A) Interference due to narrow gap of pinion teeth. (B) Undercut 
pinion to prevent jamming. (C) Undercutting avoided with long-addendum pinion. 


curve is the total composite error, which is the basis 
for gear classification by tolerances. The flickers above 
and below the runout curve are due to the tooth-to-tooth 
composite errors (TTCE); their components are errors 
in tooth spacing, thickness and profile. A maximum value 
for the tooth-to-tooth composite error is prescribed for 
each range of TCE. 

Wobble is the deviation of the gear from a plane 
perpendicular to the axis of rotation. Effects of wobble 
on the TCE are difficult to assess, but the AGMA has 
set up maximum values of wobble for each quality class 
that are considered satisfactory. 

As is well known, the present AGMA standards for 
fine-pitch gears provide for commercial gears (4 classes) 
and precision (3 classes). But it should be noted that 
changes in gear classification are now out for review. 
The new AGMA system,* to be introduced this year, 


replace the present commercial classes, with Class 2 
for cast teeth the lowest to start with. Five classes (10 
through 14) will replace the present three precision 
classes, with Classes 15 and 16 added to define ultra- 
precision gears. 

The AGMA standards prescribe a pressure angle of 
20 deg for fine-pitch gearing. The main virtue of this 
angle lies in the fact that even pinions with comparatively 
few teeth, cut to standard proportions, will run satisfac- 
torily. As the number of teeth is reduced, the apex of 
the tooth gap becomes narrower. If there are fewer than 
18 pinion teeth, the gears will jam (see Fig. 2A). To 
mesh such gears, the top portion of the pinion tooth gap 
must be widened by undercutting to provide enough 
room for the teeth of the meshing gear to slide by 
(Fig. 2B). Undercutting causes loss of active tooth 
profile, weakens the teeth, and contributes to noisy run- 


will classify all gears (not just precision gears) into 14 
classes as indicated in Table I. 
Tentatively, there will be 8 classes (2 through 9) to 


ning. Where a 1414-deg pressure angle is used, under- 
cutting begins at 32 teeth—a limitation which is a serious 


disadvantage. However, 1414-deg teeth have inherently 


*AGMA 390.01 (October 1959): Proposed AGMA Gear Specification Manual for 
Spur, Helical and Herringbone Gears. 


less backlash than 20-deg teeth, as will be shown later. 


Table I—Proposed Fine-Pitch Gear Tolerance Classifications* 


Tooth-to-tooth 
| composite tolerance, in. Testing radius, in. 


Present class Proposed 
designation class 


Total composite 
tolerance, in. 


0.0150 | 0.0076 
Commercial 1 0.0100 | 0.0054 
0.0075 0.0039 

0 


0.0050 .0028 


0.0040 0020 
0.0030 0014 


Commercial 2 


Commercial 3 0.0020 0010 


Commercial 4 0.0015 .0007 
Precision 1 .0010 .0005 
| 0007 0004 


Precision 2 | .0005 .0003 
.0004 | .0002 


.00015 


Precision 3 | .0003 
| .0002 | .00010 





00015 .00007 


| 


* Presented for discussion at AGMA Semi-Annual Meeting, Chicago, October 26, 1959, as part of Proposed Gear Specification Manual. 


94 ELECTRICAL MANUFACTURING 





It is possible to reduce undercutting by changing the 
tooth geometry. One way is to increase the outside 
diameter of the pinion, which yields the so-called long- 
addendum pinion (Fig. 2C). The distance to the center 
of the mating gear must be increased by the length added 
to the pinion tooth. Other methods of controlling under- 
cutting are seldom, if ever, used in fine-pitch gearing. 

Angular Accuracy. In the present precision gear 
standard, angular accuracy is not covered. If this seems 
an oversight, consider the following: 

(a) The commonly used gear-cutting methods of 
hobbing or generating tend to compensate for tool errors 
because each tooth flank is machined in several passes 
of subsequent cutter teeth. 

(b) The difficulties of measuring angular tooth posi- 
tion should not be minimized. Even if a device capable 
of indexing to extreme accuracy (such as is built by 
one or two companies) is used, slight irregularities of 
the tooth profile can throw the readings off. 

(c) Mounting errors can introduce angular errors 
larger than those inherent in the gear. Consider a 96- 
pitch gear of 2 in. diam and 192 teeth. If this is a 
Precision Class 2 gear, the tooth-to-tooth composite 
error is 0.0003 in., which encompasses tooth profile, 
thickness and tooth spacing errors. Assuming that the 
tooth spacing error accounts for one-half the TTCE, we 
have an angular error of about 30 sec. When the gear 
is mounted, shaft and bearing inaccuracies may cause 
a total runout of 0.0005 in., which is commensurate with 
this quality of gear. This would result in a maximum 
angular error of about 52 sec, entirely due to external 
causes. 

Accuracy of Transmitted Motion. Manufacturing 
inaccuracies inherent in gears and their bearings make 
it impossible to transmit motion through a gear train 
without velocity error. In this context, we will neglect 
the angular tooth errors. Consider two gears in mesh as 
shown in Fig. 3. In the usual servo train, the smaller gear 
or pinion is the driver. Assume for the moment that the 
pinion is geometrically perfect. The follower, however, 
is a physical gear with its inherent inaccuracies. Its 
pitch circle is eccentric with respect to the center of 
rotation by the amount e,, which is approximately one- 
half of the TCE of the gear. In effect, the center of the 
pitch circle of the follower gear orbits about the center 
of rotation of this gear and the approximate radius of 
the orbit is e,. As the gears rotate in mesh, the nominal 
pitch circle of the follower will, in one extreme, touch 
the pitch circle of the driver and, in the other, be 
separated by a distance of 2e,. 

The instantaneous amount of the separation 4C is 


AC = 2e, cos a (2) 


where a is the angle of rotation of the follower gear. 
It will be shown later that JC is significant for back- 
lash computations. Because of the fluctuation in JC, the 
two gears mesh alternately tightly or loosely, depending 
on the relative angular positions. The point where the 
two gears actually mesh may be anywhere on the circle 
X in Fig. 3. Since 4C changes approximately sinusoidally 
with the angle of rotation, the net effect is that, despite 
constant pinion velocity, the velocity of the driven gear 
will fluctuate sinusoidally. 

Since an actual pinion is also imperfect, its deviations 
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Follower 
extreme 
r-h position 
Follower 
extreme 
I-h position 


Poth of 
center of the 
follower pitch diam 


Theoretical 
center of 
rotation 


Fig. 3—Effect of follower gear eccentricity on gear separation 


in train, 


from constant angular velocity will modulate the gear 
velocity curve, but the amplitude of the pinion error 
ey as reflected at the gear will be divided by the ratio 
between the gears. 

For actual gears, e, also includes ball-bearing eccen- 
tricities and gear-assembly errors. These factors may 
or may not be in phase and will affect both the shape 
and the amplitude of the error curve; so will tooth 
position, spacing and thickness errors. Since we are pri- 
marily interested in holding the error-curve amplitude 
to a minimum, high-quality machining and assembly 
procedures and careful choice and handling of bearings 
to minimize the effective e, and the angular gear errors 
are required. The probable value of e, can be computed 
by the root-mean square method. 

When proportioning a gear train, the designer should 
keep in mind that e, is a fairly constant function of 
gear train accuracy, and that angular errors due to e, 
decrease with increasing gear diameter. 

Servo gear trains usually contain any number of 
passes or stages. The amplitude of any error E£,, intro- 
duced by an intermediate gear pass is reflected at the 
output as 


Eou, = En/n (3) 


where n is the ratio between the output and the gear 
pass introducing the error. Hence, accuracy must be 
held closest near the output of the gear train. 

On the face of it, we could relax accuracy requirements 
the closer we come to the input of the gear train. This is 
not necessarily safe, since the input is the high-speed 
end and inaccurate gears running at high speeds cause 
noise and have low life expectancy. The designer must 
weigh speed vs expected savings from less accurate gears 
when he determines accuracy for the various gear passes. 


Backlash 


AGMA Standard 112.03 (Gear Nomenclature, Terms, 
Definitions and Illustrations) gives the following defini- 
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Basic Gear Nomenclature for 20-Deg 
Involute Gear System 


Circular 


thickness 


Term Formula® (in.) 


Symbol 


Addendum a 


Dedendum 


Working depth 


Whole depth 





Clearance 

Tooth thickness on pitch 
diameter 

Pitch diameter 


Outside diameter 


Center distance 


Cc 
. . TT 
Circular pitch | P. tenes 
P 


*N number of teeth in gear, n= 
diametral pitch. 


| 
j 
| 





number of teeth in pinion, p = 


Note: Capital letters denote the gear; lower case letters denote the 
pinion 


tion*: “Backlash is the amount by which the width of 
a looth space exceeds tl.e thickness of the engaging tooth 
on the pitch circles.” 

As Fig. 3 showed, the center of the nominal pitch 
circle of a gear orbits about the center of rotation of the 
gear. For proper operation, the nominal pitch circles must 
not overlap or the gears will jam. For the tightest possible 
mesh, the pitch circles can be tangent once for every 
revolution of the smaller gear (the pinion). At this point 
of tightest mesh, backlash can approach zero, but for 
all other relative positions of the gears it will have a 
finite value. Thus, backlash for a set of gears fluctuates 
between minimum and maximum values and the amount 
will depend on the separation between the pitch circles. 
From the geometry of the involute, approximate linear 
backlash B, is computed from 

B, = 24C tan ¢ (4) 


*Quoted by permission of the publisher, The American Society ef Mechanical 
Engineers, 29 West 39 St., New York 18, N.Y. 
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where 4C, as before, is the separation between nominal 
pitch circles and ¢ is the tooth pressure angle. Since 
tan 20 deg is 0.364 and tan 1414 deg is 0.2586, it follows 
that the standard tooth pressure angle of 20 deg causes 
about 40 per cent more backlash than the 1414-deg 
pressure angle. 

To obtain the corresponding angular backlash, let 
0 = 3,2 a 

sD, 
where 
== backlash angle 
D, = nominal gear pitch diameter 


Angle @ can be measured by holding one gear fixed and 
rocking its mate. The same linear backlash will corres- 
pond to a larger backlash angle of the pinion and a 
smaller one of the gear. 

The nominal gear center distance C is given by 

_  ntN dy +Dp 

C= 2? oad — (6) 
where 

n, N = number of teeth of pinion and gear, respectively 
d,, Dp = pitch diameters of pinion and gear 
p = diametral pitch 

However, due to unavoidable gear eccentricities, gears 
having nominal pitch diameters would jam if mounted on 
a center distance as given by Eq (6). To prevent jam- 
ming, two methods are available: 

(a) increase the center distance above the value of C 

(b) decrease the pitch diameter of the meshing gears, 
thus thinning the teeth. 

Method (b) is usually called “cutting backlash into 
the gear.” Actually, it should be called “providing run- 
ning allowance.” Both methods are commonly used, 
and both are sanctioned by AGMA standards. 

The increase in center distance required for the mesh- 
ing of gears having nominal pitch diameters {Method 
(a) ] is usually made equal to the total composite error 
(TCE). For gears running in sleeve bearings (which 
must necessarily have running clearance of a few ten- 
thousandths of an inch), this value can be reduced 
to 0.7 TCE. 

The conjugate action of involute gears is not affected 
by this increase in center distance, or by any amount 
for that matter. 

AGMA Standard 236.04 (Inspection of Fine-Pitch 
Gears) contains the cutting data for gears which have 
smaller than nominal pitch diameters and are meshed 
on nominal centers [see Eq (6) and Method (b)]. It 
prescribes four classes of backlash (A, B, C and D), 
as summarized in Table II. Class A provides the maxi- 
mum decrease in tooth thickness, whereas in Class D 
there is “no backlash at the point of tightest engagement.” 
In the standard itself, Table 10 contains complete data, 
including decrease in tooth thickness, and backlash at 
the point of tightest engagement for the various quality 
classes. Backlash Classes A and B are not compatible 
with precision gearing. 

Backlash Computation. We already know from 
Eq (2) that 4C is not a constant, but a function of gear 
rotation. The 4C of Eq (4) contains the following ele- 
ments: 

4 center distance tolerance spread 
5 intentional increase in center distance 
or deliberate thinning of gear teeth 


1 gear runout 
2 shaft runout 
3 bearing play 
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6 bearing outer race 
eccentricity 


7 bearing inner race 
eccentricity 


Of these elements, only four and five are linear and 
fixed. Bearing outer race eccentricity is also fixed, but 
its angular position is indeterminate. The other elements 
fluctuate as the gears mesh, and they are phased at 
random with respect to each other. 

Bearing play must never be neglected as a source of 
backlash. With ball bearings, play can be eliminated by 
preloading, but only at the expense of added bearing 
friction and reduced bearing life. 

For gears made with nominal-size pitch diameters and 
mounted on spread center distances, possible minimum 
and maximum backlash values must be computed in every 
case. Where the gears have backlash allowance cut in 
(as provided in Table 10 of AGMA Standard 236.04) 
the minimum backlash can be taken directly from that 
table. The approximate increase in backlash from high 
to low point for gears having various amounts of runout 
is given in Table 9 of the same standard and reproduced 
here as Table III. However, center-distance tolerance 
and bearing play will tend to increase backlash beyond 
the values calculated from the tables. Regardless of the 
method by which backlash is provided, a probable 
backlash value can be computed by the rms method. 

The Need for Consistency. The question some- 
times arises whether gears should be made to nominal 
dimensions, and mounted on increased center distances, 
or made according to Table 10 of AGMA Standard 
236.04 and mounted on nominal centers. Kinematically, 
there is no difference between these two design methods. 
Inspection data on the drawings will differ if two gears 
of the same pitch and number of teeth are meshed with 
each other on nominal center distance or on spread 
centers. However, the differences are so small that they 
can be detected only by rigid gear inspection methods. 
This underscores the need for consistency in any one 
design. Where the same or similar gear modules are 
used in different applications, design methods should 
be standardized throughout the company. 

Most off-the-shelf stock gearing is made to nominal 
dimensions. Where only a laboratory model or a small 
production run is to be made, such gears can be used 
to good advantage, and spread center distances will be 
used throughout. (However, stock gearing made to Pre- 
cision Class 2C is now becoming available). For quantity 
production the designer is free to use gears made by 
either method. But, to repeat, he should use one chosen 
method consistently throughout the entire design. 


Design of High-Performance Gear Trains 

In the foregoing analysis, we have shown that the 
performance of a gear train depends on the accuracy 
of the individual gear passes, and on close control of 
the center distance. But these two accuracy parameters 
are affected by overall gear-train design. 

Control of gear accuracy must start with the ma- 
chining of the blank. A gear blank may have an integral 
shaft with bearing shoulders or a through bore. During 
manufacture, the latter gear is rotated on a mandrel 
through the bore, and at assembly of such a gear to a 
shaft, care must be taken to retain the built-in accuracy. 
Shafts must be straight and round within tolerances 
commensurate with gear quality. The gear bore must 
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Table II-AGMA Specified Backlash Classes for 
Different Classes of Fine-Pitch Gears 


Blacklash in two mating gears 
of equal tooth thickness on 
nominal centers (in.) 


Diametral 
Blacklash pitch 
class range 
A 20-45 0 .004—0 .006 
46-70 0.003-0.005 
71-90 0.002-0.0035 


20-60 
61-120 
121 and finer 


.002-0 .004 
.0015-0 .003 
.001-0 .002 


20-60 
61-120 
121 and finer 


.001-0 .002 
.0007-0.0015 
.0005-0 .001 


No measurable — 
backlash at 
any pitch 





be free from taper and bellmouth. For precision applica- 
tions, the gear hubs should be designed as collet hubs, 
since set screws will almost certainly throw the gear off 
center, to say nothing of damage to the shaft—and 
eventually to the gear bore—from burrs raised by the 
set screw. Bore and shaft-diameter tolerances should 
provide for a closely controlled slip fit. 

Compound gears are best cut from solid, as shown 
in Fig. 4A. To allow chip clearance during machining, 
a gap of at least 0.045 in. must be allowed between gear 
faces. Where clusters are made by pressing a gear to 
a pinion (Fig. 4B) press-fit allowances should be no 
more than needed for secure assembly. For minimum 
interference fit, a fine knurl is recommended on the 
diameter receiving the pressed-on gear. A generous 
shoulder should support the pressed-on gear to minimize 
wobble. Shaft extensions of components such as syn- 
chros or potentiometers should not be used to carry 
cluster gears which are part of the gear train, since the 
designer of the latter has no control over the runout of 
these component shafts. Figure 5 shows the recommended 
design where an intermediate component is driven by 
a separate 1:1 gear pass, so that any inaccuracies in- 
herent in its shaft do not affect the positional accuracy 
of the output component. 

Gear accuracy is only half the job; gear mountings 
must also be designed with care and with due regard 
for best manufacturing practice. Center distances are 
critical. Because of the danger of jamming, care must 
be taken that tolerances are assigned such that they 
will increase rather than decrease center distances. 

Gear mounting plates are usually machined on the 


Table Ill—increase in Backlash from High Point to 
Low Point for 20-Deg Transverse Pressure Angle 


Approximate increase 

in backlash, in. 
0.0044 
0.0029 
0.0015 
0.0007 
0.0004 





Taken from Table 9, AGMA Standard 236.04. 
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Fig. 4 Two methods of making gear clusters. 
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jig borer, inherently a very accurate machine. Further- 
more, machining is normally done under close controlled 
temperature conditions. The gear centers are usually 
given by rectangular coordinates, with the origin of the 
coordinate system somewhere near the upper left-hand 
corner of the plate (Fig. 6). It is best to choose a hole 
center as origin, but this hole need not be a gear center. 
In addition, gear-center distances are also given, usually 
with plus tolerances as inspection dimensions. This may 
be considered overdimensioning, and usually one set of 
are desig- 
nated reference dimensions. Dimensional tolerancing is 
preferable. In this system, a point must be within a cer- 
tain tolerance range or circle from its nominal position. 
In the conventional tolerances associated with rectangu- 
lar coordinates, the dimensioned point must lie within 
a tolerance square, and this can lead to unwanted loose- 
ness where a gear-center line is more or less parallel 
to the diagonal of the tolerance square. (See Fig. 7.) 
Thermal expansion or contraction between gears and 
mounting plates can cause binding or excessive looseness. 
Therefore, the coefficient of expansion of the gear ma- 
terials must be matched to that of the support structure. 


coordinates (or the gear-center distances) 


In practice, aluminum gears are compatible with brass 
and bronze housings, and vice versa. Stainless-steel 
pinions can normally be used with the above metals, 
since the dimensional change of pinions, the smallest 
gears, are usually negligible. However, extensive use of 
steel on the one side of the scale and of magnesium on 
the other, in conjunction with brass and aluminum, re- 
quires careful calculation of what is likely to happen 
under temperature extremes. 








j 
+0 9003 —~/ 
- ary j 
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Gear centers 


Special Design Features. Aside from the straight- 
forward methods of careful control and tolerancing, the 
designer has a few tricks at his disposal which allow 
him, under certain conditions, to increase accuracy, but 
usually he has to pay a price. For example, backlash 
can be completely eliminated by various methods of 
spring-loading the gears, but this modification adds 
friction losses which may not always be tolerable, be- 
sides increasing gear wear. 

Sometimes adjustable gear centers are desirable. At 
the input or output, a simple eccentric adjustment will 
suffice. For intermediate gear passes, double eccentrics 
must be provided since such passes mesh with two 
adjacent gears. Double eccentrics are costly and quite 
difficult to adjust. 

Three or more adjacent gear passes should not be laid 
out in a straight line, especially where the center pass 
is adjustable. If, for example, we adjust a gear center 
to tighten one mesh, we may add an unacceptable amount 
of looseness in the next mesh. The centers should be 
staggered. 

Increased backlash is introduced where a large idler 
in a train is used to drive one or more small pinions, 
as shown in Fig. 8A. To the backlash between follower 
C and idler B is added n times the backlash between A 
and B, where n is the gear ratio between A and B. 
A better design is to avoid large idlers and drive 
several followers by a common pinion, as shown in Fig 
8B. If necessary, the pinion can be made very wide, 
and the driven gears staggered axially. 

Tooth Strength and Wear Qualities. Convention- 
ally, tooth strength is calculated from the Lewis formula, 


X Dimension Y Dimension 
(calc.) | (calc.) 


Hole size 


+0.0002 | 
0.2500 | 
—0.0000 


+0.0002 


0.000 0.000 


0.1250 1.1250 1.1250 


0.0625 0.2855 


—0.0000 | 


+0.0002 | 
—0.0000 
+0.0002 
—0.0000 
+0.0002 
—0.0000 


0.2500 2.1250 


0.1250 3.1250 








Fig. 6—Dimensioning of gear mounting plate for machining 
on jig borer. 
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which seems satisfactory for conventional gearing, and 
for fine-pitch gearing as well. It should be pointed out, 
however, that the AGMA is preparing new formulas for 
tooth-strength calculation and that tentative information 
sheets are now being circulated. 

Calculation of gear wear is a different matter. Con- 
ventional wear formulas are based on the hardness of 
the tooth flank, but there is no method available by 
which the hardness of a fine-pitch tooth can be measured. 
Calculations based on the overall hardness of the gear 
do not seem to be reliable. 

Thus, the designer must rely on limited published 
gear-wear data and on the old axiom that it is best to 
mate gears of different materials. Since the pinion makes 
more revolutions than the gear, it should be made of 
the more durable material. The combination of a stain- 
less steel (Type 303) pinion and an aluminum (2024 T4) 
gear is very common. Aluminum alloy 7075 §S is said 
to be excellent for comparatively heavy loads. Another 
excellent gear material, especially in mesh with fast 
pinions, is phosphor bronze (QQ-P-330 Comp. A). It is 
tougher and stronger than aluminum, but also heavier. 








/ =tolerance 


Fig. 7—Effect of rectangular tolerances on gear centerline dis- 


tances, 


A bronze gear rotating on a fixed stainless-steel axle 
needs no bearing, but it is well to give the axle a hard 
chrome flash. 

Plastics are rarely used in precision gear trains. 
Nylon is occasionally found in uni-directional drives. 
But nylon is hygroscepic, and therefore dimensionally 
unstable; backlash will increase as the gear shrinks due 
to decreasing ambient humidity. It may be expected, 
though, that it will be possible to take advantage of the 
low inertia and good lubricating qualities of plastics 
once they can be made dimensionally stable. 

The use of electrolytic (anodic) and similar finishes 
on gear teeth is still a matter of debate. Some designers 
use them, others reject them because they may tend to 
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Fig. 8—Problem of tying in several followers to one pinion. 


change tooth dimensions. Not all such finishes will run 
satisfactorily when meshed with gears of certain other 
materials. An investigation of gear materials and gear 
finishes has been published, but it does not cover phos- 
phor bronze. 

One method of distributing gear wear evenly is the 
use of a “hunting tooth.” If the number of pinion teeth 
is prime to the number of gear teeth, each tooth of one 
gear will successively mesh with, or hunt for, every tooth 
of the mating gear. 

Lubrication and Protection. Fine-pitch gears are 
usually meshed without tooth lubrication. Most designers 
feel that a lubricant would cause dirt and foreign matter 
to collect on the teeth and in time cause jamming. Others 
use permanent lubricating films on the teeth, taking 
proper precautions to avoid changes in tooth dimensions. 
Obviously, precision gear trains should always be pro- 
tected by enclosures, whether they are lubricated or not. 

O0O 
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CHEMISTS, PHYSICISTS AND ENGINEERS have all been 
aware for many years of that portion of the 
electromagnetic spectrum known as the infrared. 
It lies, approximately, between wavelengths of 0.7 
microns (the upper limit of the visible spectrum) 
and 1400 microns (the shortest of the microwaves) , 
and it takes its name from the fact that its fre- 
quency is just under that of red in the visible 
spectrum. All objects whose temperatures are above 
absolute zero radiate a certain amount of infrared 
energy. Since the amount of radiated energy in- 
creases as the temperature of the object increases, 
infrared has popularly become confused with heat. 

The molecular energy levels of many substances 
lie within the infrared range, and infrared tech- 
niques have been used for some time in the analysis 
of chemical compounds (particularly organic sub- 
stances). It is only recently, however, that these 
techniques have begun to spread to other scientific 
areas. In the security-minded world of the Forties, 
the detection of another person or object, friend 
or foe, came to be of great importance. The need 
for this “looking” without the aid of the human 
eye led to the development of radar and all of its 
ramifications. Radar, however, has one serious 
drawback: because it consists of radio signals 
transmitted and received, its transmission can be 
detected and the return reception can be jammed 
to the point of making it useless. 


There consequently evolved the possibility of 
surveillance by detection of energy in the infrared. 
Since the engines of airplanes—particularly in jet 
planes and missiles, where the air friction increases 
the heat—radiate large amounts of infrared, the 
detection of these radiations appeared to be a 
logical procedure. No tell-tale signal had to be 
“bounced” off the target, and no echo could be 
jammed. Much remains to be done, of course, in 
the use of infrared as a means of spotting and 
tracking military targets, and much undoubtedly 
is being done—under security regulations. How- 
ever, the impetus given to the study of infrared 
and the techniques of its use by these developments 
in military fields has greatly increased its import- 
ance in many other fields of engineering. 

These applications include taking an infrared 
picture of an electronic assembly, whereby the de- 
signer can determine where hotspots occur and in 
what way they can be eliminated. By making a 
“thermal map” of a terrain or a locality, fires and 
explosions may be detected and night observations 
for police security purposes may be made. The 
temperatures of objects at a distance may be 
measured and innumerable manufacturing processes 
may be controlled by ascertaining the infrared 
properties of the various materials concerned. 

All of this work has been spurred in the last 
few years by the development of semiconductors 
and the discovery of special properties they have 
when subjected to infrared radiation. Many devices 
heretofore unheard of have resulted, thus increas- 
ing the effectiveness of infrared techniques. 

Because of the recent quickening of infrared 
development work as an important field of engi- 
neering endeavor, the editors present here an 
article which not only gives the fundamental 
theory involved but also the application of this 
theory to the various materials and devices used 
in infrared systems. 


The article starting on the facing page was written 
by a member of the research staff of Raytheon and is 
based upon his experience obtained in extensive work 
in the theoretical analysis and evaluation of infrared 
techniques. Dr. Neuringer received his Ph.D. from the 
University of Pennsylvania, where he was an instructor 
in physics and a research associate in the solid-state 
physics group. At present he is working on noise prob- 
lems in photoconductors and studying the growth and 
electrical and optical properties of semiconductors 
made of compounds of Group III-V elements. 
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THE STUDY OF THE optical properties of materials yields 
basic information concerning their atomic structure. Hav- 
ing once understood their behavior, we use these properties 
of matter in various working elements of spectroscopic 
apparatus for the study of new materials and new phe- 
nomena in the infrared. Indeed, perhaps in no other range 
of the electromagnetic spectrum has the extension of the 
usable range of frequencies been more directly coupled 
to the discovery of new sources, more sensitive detectors, 
novel types of filters, and different dispersing elements at 
various wavelengths. As a consequence, not only have the 
sensitivity and range of the tools of basic science been 
advanced but, as is so often the case, an entire host of 
practical devices has resulted. Furthermore, in recent years 
this activity has been intensified so that today the infra- 
red represents a frontier of vigorous research, both basic 
and applied. 

Generally, by optical properties of matter we mean the 
quality and quantity of electromagnetic energy transmitted, 
reflected, absorbed and emitted anywhere in a spectral 
range of frequencies extending from the ultraviolet to the 
microwave region. It may not be possible to observe all 
these effects in any one given system—as, for example, 
transmission of infrared wavelengths by metals. Neverthe- 
less, it is truly surprising how this apparently simple type 
of experimental information (when taken together with 
the concept of the energy levels of electrons, molecules 
and atoms) explains such a large group of diverse phe- 
nomena. Among these are luminescence, the high reflec- 
tivity of ionic crystals in certain well-defined wavelength 
bands, the decrease of resistance of a doped semiconductor 
when illuminated, the attenuation of infrared by the 
gaseous constituents of the earth’s atmosphere, and the 
optical constants of metals. Of this optical range, only one 
octave is radiation which is visible to the human eye, 
while the experimentally accessible range of infrared fre- 
quencies available at present comprises more than ten 
octaves. The term octave, by analogy with sound, is ap- 
plied to a band of frequencies extending from a given 
frequency to double that frequency. Although a major 
portion of the active research is localized within the first 


several of these octaves, many recent advances have made 
possible experiments which probe phenomena occurring 
at typically microwave frequencies. The gap, then, between 
far infrared and microwaves has been closed. 


Waves ws Particles 


From the outset, our notions as to the nature of light 
have passed through an interesting series of changes. Two 
very different theories have vied with each other—the 
wave concept and the corpuscular concept. During the 
19th century the former gained almost universal acceptance 
due to a remarkable series of experimental and theoretical 
developments culminating in the work of Maxwell and 
of Hertz. At the opening of the 20th century, our com- 
placency concerning the true nature of light was shaken 
when a number of new properties were discovered which 
apparently could be explained by a corpuscular theory. 
Curiously enough, it was Hertz who, while performing the 
experiments which confirmed Maxwell’s wave theory of 
light, first observed the effect which gives clear-cut evi- 
dence that light must be corpuscular in nature. He noticed 
that a spark discharge occurred more readily across a gap 
when the surfaces of the facing metals were illuminated 
than when they were in darkness. This is the familiar 
photoelectric effect which has found wide application in 
modern technology in phototubes. Thus, light of frequency 
v falling on a metal surface is absorbed and sometimes 
ejects electrons. 

The law of emission is truly remarkable. The energy of 
each emitted electron is proportional to the frequency of 
the light and is independent of its intensity. On the other 
hand, increasing the intensity of the light source increases 
the number of emitted electrons. This is as if the energy in 
a light wave were concentrated in quanta. The quantum 
of radiant energy impinging upon the cathode of a photocell 
transfers all of its energy to the ejected photoelectron. The 
quantum then simply drops out of existence. This quan- 
tum bundle of energy is called a photon, an intense light 
source emitting many photons per second, a weak one rela- 
tively few. The concepts of wavelength \ and frequency v 
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are still to be associated with photons. However, not all 
photons are alike; they vary in energy content in direct 
proportion to the frequency of the radiation they represent. 
The energy, E, of one photon of frequency » is given by 
the relation 

BE hy (1) 
The constant of proportionality is called Planck’s Constant. 
Its numerical value is 6.625 10-°* joule-sec. Once the 
frequency of a beam of radiation is given, the smallest 
amount of energy associated with this beam is determined 
by Eq (1). Of course, all photons travel with the velocity 
of light, c, and the relationship between frequency and 
wavelength, « vd, is still valid. The intensity of a light 
source from the corpuscular point of view is measured by 
the number of photons crossing an arbitrary surface per 
second, times the energy carried by each photon, and is 
equivalent to the Poynting vector. 

These phenomena suggest photons and a corpuscular 
structure for light. There are, however, optical phenomena 
for whose explanation a corpuscular theory is inadequate. 
The phenomena of interference (the brilliant colors in 
light reflected from a soap bubble), diffraction (the bend- 
ing of a light wave around the edges of an object) and 
bi-refringence in crystals (two refracted rays rather than 
one, as in glass) are what would be expected if light is a 
wave motion. One set of experiments suggests that light 
is a particle that can be localized and the other suggests, 
with equal emphasis, that it is a wave. Which of these is 
the correct picture? The answer is neither. We must live 
with both. The present point of view is a combination 
which may be described as saying that, in problems where 
the propagation of light in concerned, it behaves as if it 
were an electromagnetic wave, while in the interaction of 
light with matter it behaves as if it were a collection of 
corpuscles or photons. The connecting link between the 
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The electromagnetic spectrum. 


corpuscular and wave theories lies in the fundamental 
postulate of quantum theory, as stated in Eq (1), that 
the energy of photons is directly proportional to the fre- 
quency of the light waves. 


Electromagnetic Spectrum—Guide 


When light is dispersed into a spectrum, as by a prism, 
the range of colors between red and violet represents 
wavelengths covering somewhat less than one octave. It is, 
therefore, not surprising to find that there are invisible 
radiations possessing both longer and shorter wavelengths 
than those capable of affecting the eye. On the long wave- 
length side of the visible we have the infrared region, and 
on the short wavelength side we have the ultraviolet rays 
and, beyond, X-rays and y-rays. All these radiations have 
an important property in common—they all travel with 
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the same velocity of 3 10° meters/sec in vacuum and 
can be considered as transporters of energy. However, in 
their mode of excitation and in the manner in which they 
interact with matter they differ widely. The great range in 
magnitude of the forces and interactions which give rise 
to this radiation may be seen in the range of frequencies 
covered by the electromagnetic spectrum. This extends 
from y-rays, having frequencies of about 10*° cps, to 
radio waves of frequencies of the order of 10* cps, a dif- 
ference in magnitude of 10°*. In the same way, the strength 
of the forces and interactions varies over a range of 10°4. 
One of the most common units used to measure the energy- 
level spacings to which these forces and interactions give 
rise is the electron-volt (ev). This is the kinetic energy of 
a singly charged ion that has been accelerated through a 
potential difference of one volt, and it is equal to 1.6 « 
10-1 joules. In these units the forces investigated at either 
end of the electromagnetic spectrum vary from one billion 
electron volts or more (associated with very hard X-rays 
from highly energetic cosmic rays) down to about one 
micro-electron volt (associated with the longest radio 
waves used in communications). 

Other units commonly used as a measure of energy-level 
spacings are the temperature T and the wave number » in 
cm-!, Since E = hv = hc/\ = hcv = KT, we see that 
v is just equal to the number of waves per centimeter. 
These two units are related to the electron-volt by the 
following numerical factors: 


lev = 8.07 X 10° cm™' 
lem ' = 1.44 deg K 
The fact that the cm~ is of the same order as the degree 
is very useful in making quick calculations to determine 
which energy levels will be populated at any given tem- 
perature. Thus, at room temperature, there will be few 


populated levels which are more than 250 cm” higher 
than the ground state. 


Thermal 
Radiometric Definitions 


We shall now proceed to review the laws which describe 
the radiation of a blackbody as a function of temperature 
and wavelength using the radiometric quantities defined in 
Table I. The term “solid angle” which appears in the defi- 
nition of radiant intensity requires explanation. The reason 
for introducing the concept of the solid angle arises be- 
cause the chosen direction of viewing is not limited to a 
plane; we must generalize our notion of angle and define 
a solid angle. Let a cone be drawn from a point as apex, 
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The electromagnetic spectrum is summarized in Fig. 1, 
where the energy change is given in electron-volts and 
wavelength of the radiation obtained is given in centimeters. 
This frequency interval of 10*4 cps represents 80 octaves, 
of which only one is visible radiation. Shown in Fig. 2 
is an expanded wavelength scale in microns (1 micron = 
10°* cm) of the infrared region and how it fits in between 
the visible spectrum and the region of the microwaves. 

The infrared may be taken to lie between the wave- 
lengths of 0.7 micron and 1400 microns, the latter having 
been recently experimentally realized. This overlaps the 
short wavelength limit of the microwaves since measure- 
ments are now made with microwave electronics down to 
587 microns. 

In addition to being classified according to wavelength, 
radiation may be distinguished by the manner in which 
energy is distributed throughout the electromagnetic spec- 
trum. Thus we speak of characteristic and general radia- 
tion. In the first, we find more or less discrete bands of 
wavelengths. The distribution of the radiant energy 
throughout the spectrum is characteristic of its source. We 
shall present further details in the next section. On the 
other hand, general radiation is continuously distributed 
throughout the spectrum. It gives no evidence of the par- 
ticular kind of chemical which gave it birth. It has its 
origin in the chaotic motions of the electric charges which 
make up the atoms and molecules of matter. One of the 
most important types of general radiation is that produced 
by a “blackbody”. The radiations of a heated blackbody 
theoretically include the whole spectrum, but the only por- 
tions of measurable intensity lie in the visible and, pre- 
dominantly, in the infrared. The growing interest of the 
military, especially those in aviation technology, is based 
upon this last characteristic of blackbodies and upon the 
fact that infrared radiation is produced naturally and un- 
avoidably by all matter at all temperatures above absolute 
zero. 


Radiation 


Fig. 3a. The ratio of the area A intercepted by that cone 
on any sphere centered on the apex to the square of the 
radius R of that sphere is a measure of the solid angle Q 
of the cone. Measured in this way, the unit of solid angle 
is called the steradian. Since the total area of a spherical 
surface is 47R?, the solid angle subtended by any surface 
which completely surrounds a point is 47 steradians. The 
solid angle on one side of a plane is 27 steradians. One 
steradian, Fig. 3b, is the solid angle subtended at the center 
of a sphere by an area equal to the square of the radius 
of the sphere. 
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Fig. 3—Definition of a solid angle 


Lambert’s Law 


We must now take into account the possibility that the 
radiant intensity of a surface element varies with the direc- 
tion of viewing. For many actual surfaces, the variation 
with direction can be approximated over a wide range of 
angles by Lambert’s Law, which states that the radiant 
intensity in any direction, lg, varies as the cosine of the 
angle @ between that direction and the normal to the sur- 
face. Thus 


lo = 1, cos 0 


(2) 


where /,, is the radiant intensity normal to the surface 
[hat is, most of the radiation is sent out in a direction 
perpendicular to a surface and none at all in a tangential 
direction. For the purposes of practical application, the 
deviations from this law by actual materials are small 
enough so as not to warrant detailed measurement of /9. 

Iwo deductions follow at once from Lambert’s Law. 
First, the radiance, B, is independent of the direction of 
viewing and is equal to the radiant intensity per unit area 
normal to the surface. Thus 


I 4 I, 


B = 
, dA cos 6 dA 


B = constant 

To illustrate this conclusion, examine Fig. 4a which shows 
a surface element dA obeying Lambert’s Law and consider 
the intensity per unit area radiated into identical solid 
angles for two directions of viewing. The ratio of dA to 
dA’ is equal to cos 6. One might think that, because dA’ is 


smaller, Bg would be larger than B,; but, if the surface 
follows Lambert’s Law, the intensity in the direction @ is 


Fig. 4—Lambert’s Law 


less than in the normal direction by the same cosine factor. 
Thus, the intensity radiated per unit area in the two direc- 
tions is identical. Secondly, the radiant emittance, H, of 
a surface obeying Lambert’s Law is given by 

H = cB (3) 
Since the solid angle on one side of a plane surface ele- 
ment is 27 steradians, H is actually the radiant flux per 
unit area of source radiated into a solid angle of 27 
steradians. This equation states that the radiant flux emit- 
ted per unit area of source per steradian is H/m (and not 
H/27). It should be borne in mind that Eq (3) is valid 
only for surfaces which obey Lambert’s Law. This can 
easily be seen by performing the integration of the defining 
equation of B. That is (Fig. 4b), 


dH B cos @ dQ 


w/2 


i / B cos 6+ 2 x sin 6 dé cB 


If the quantities mentioned in Table I are considered 
at a given wavelength or per unit of wavelength interval, 
the words “spectral” or “spectral density of” will be added. 

Usually the radiant intensity (or a related quantity) of 
any radiator is compared with that of a blackbody at the 
same temperature, either at a fixed wavelength or in the 
entire wavelength region. The ratio of the radiant emit- 
tance of the test body to that of the blackbody is called the 
total emissivity «(7). If the comparison is made at a cer- 


Table 1— Definition of Radiometric Terms Used to Describe Radiation Characteristics of a Blackbody 


Name 


Radiant energy 
Radiant flux 
Radiant flux density 


Radiant emittance 
Irradiance 


Radiant intensity (in a 
given direction) 
solid angle. 


Radiance 
(at a point on a sur- 
face, in a given direc- 





Quantity of energy that arrives at, or is emitted from, any surface by 
means of electromagnetic waves. 


Quantity of energy per unit time emitted, transferred, or received in the 
form of radiation: dP = dQ/dt. 


The radiant energy that falls upon, or passes through, a unit area in unit 
time: dW = dP/dA = dQ/dAdt, where dA is a surface element. 


The radiant flux density emitted by a surface. 
The radiant flux density incident upon a surface. 
The radiant power emitted by a surface element of the radiator in the 


given direction per unit solid angle; J = dP/dQ, if dQ is the element of 


The radiant intensity per orthogonally projected unit area: B = dP/dQdA 
cos 6, where @ is the angle between the given direction and the perpen- 
dicular to the surface element. 


| 


joule = 
watt-sec 


Definition Unit 


watt 
watt/sq cm 


watt/sq cm 
watt/sq cm 


watt/ster 


watt 


sq cm-ster 
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tain wavelength, the ratio is called the spectral emissivity, 
&(A,T). 

In the case of reflection, absorption and transmission 
of radiation, the terms reflectance, R, absorptance, A, and 
transmittance, T, will be used for the ratios of the radiant 
flux reflected, absorbed or transmitted to the incident radi- 
ant flux. 


Kirchhoff’s Law 


Figure 5 shows a small body within an evacuated en- 
closure whose walls are maintained at a uniform tempera- 
ture. It is an experimental fact that, whatever the nature 
of this body and whatever its initial temperature, it even- 
tually comes to (and remains at) the same temperature 
as the walls of the enclosure. This state of equilibrium 
results from a simultaneous radiation, H, and absorption, 
Ae, of energy at the surfaces of the body. The several 
processes going on at the surface of an opaque body are 
shown in Fig. 5 where the width of the respective bands 
represents schematically the magnitude of the fluxes. Ac- 
tually, of course, radiant energy is incident at all points 
of the body’s surface, with reflection, absorption and radia- 
tion going on simultaneously at all points. In the equilib- 
rium state, A(\)e(d) H(A), or 


HQ) 


AQ) €(\) (4) 


Kirchhoff was the first to realize that the irradiance, e, 
depends only on the temperature of the enclosure and not 
on the nature of the surface of the body. Kirchhoff’s Law, 
which may be considered as the basis for later radiation 
laws, states that the ratio of the radiant emittance H(\,T) 
and the absorptance A(A,7) is equal for all thermal radia- 
tors with the same temperature at any wavelength. If 
A(a,T) 1, we have a hblackbody—that is, a body which 
absorbs all incident radiation. Hence, the ratio H(\,7)/ 
A(A.7) is equal to H,(A,T), the radiant emittance of a 
blackbody at the same temperature: 


HOD _ net (5) 
nlaA ) 5 
A(\.T) . 


From the definition of the emissivity, «/A,7), given above, 
it follows that 


AQ,T) = €A,T) (6) 


- Test body 


utes at temperature 7 


Fig. 5—Process of irradiation, absorption, reflection, and emis- 
sion of radiant energy at a surface within an enclosure 


The statements of Eqs (4) and (5) are equally valid for 
the total radiation. 

There are several immediate consequences of Kirchhoff’s 
Law: 

(1) A good absorber of radiant energy is also a good 
radiator, whereas good reflectors and transparent bodies 
are poor radiators. 

(2) For an opaque body, it is possible to measure ¢(A,T) 
by measuring R(A,7), since R(A,T) + A(A,T) = R(,T) 
+ ofd,7) = I. 

(3) Because A(A,7) cannot exceed unity, no body can 
radiate more at any wavelength than a blackbody at that 
temperature. 

(4) Within a hollow enclosure held at a constant tem- 
perature, the flux density is the same as would be emitted 
by a blackbody at the same temperature as that of the 
walls of the cavity. lf W(\,T) represents the radiant flux 
density present within the cavity upon attainment of equi- 
librium, we may write 


WQ,T) = HOT) + RO.T) W(.T) = H(,7T)+ 


(1 — AQ,T)|WQ,7) 


Table Il—Theoretical Emissivity of Several Laboratory Blackbodies 


Sphere 


Perfect 
diffusor 
R = 0.6 


Partly 
regularly 


eal 
d reflecting 





0.900 


3 0.970 | 


5 0.990 0.962 


10 0.998 | 0.990 
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Cylinder radiating from one end 


Perfect 
diffusor 


Cylinder radiating from a hole, 
P/D=10 


Partly 
regularly 
reflecting 


ae 


Perfect 
diffusor 


Partly 
regularly 
reflecting 

0.970 


0.985 





HQ,T) 


that 
ee A(A,T) 


WO,T) 

Comparing Eq (7) with Eq (5), we see that W(A,T) = 
H,(d,T). lf now a very small opening is cut in the wall (so 
small that the temperature equilibrium within the cavity is 
undisturbed) the radiant flux density in the hole equals 
W(d,T). Thus, the hole can be considered as a blackbody 
radiator with a temperature the same as the walls of the 
enclosure and a known area. This is the basis for the ex- 
perimental realization of a blackbody from materials whose 
emissivity is less than unity. 

Deviations from the ideal blackbody using this type of 
arrangement depend upon such factors as the ratio of the 
diameter of the hole to the internal dimensions of the 
cavity, the nature of the internal reflections, the value of 
the reflection factor of the inner walls, etc. In Table II are 





Fig. 6—Comparison of Wien’s Law and the Rayleigh-Jeans Law 
with Planck’s distributior 
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Fig. 7—Plot of Stefan-Boltzmann Radiation Law. 
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some results (/)* of calculations of the emissivity of vari- 
ous laboratory blackbodies, where R is the reflectance of 
the walls of the cavity. 


Planck Distribution 


Blackbody radiation is of practical importance because 
it is the maximum amount of radiation which can be 
emitted by hot solid bodies. It is isotropic and unpolarized 
and has a continuous distribution of wavelengths from 
0 to A= o. The radiant emittance in the wavelength 
range A to (A + da) is written H(\,T)d). It is given by 
the experimentally verified Planck distribution law: 


Cy dh watt (8) 
»S] (e%*7—1) | (cm’-2x ster) 


in which c, and c, are called the first and second Planck 
radiation constants, with the values (2) 


H(Q,T)dd 


¢,= 3.7413 X 10~'? watt-cm 
Cc; = 1.4388 cm-deg 


In Eq (8), A is the wavelength in centimeters and T is the 
absolute temperature in deg K. Since blackbodies obey 
Lambert’s Law (3), the radiance, B(d,T)dd, (intensity 
radiated per unit projected area of source per unit solid 
angle) in the range from A to (A -++ da) is 


BO..T) da 1.101 x 30°" da watt 
= Ny (e' #87 _}) | cm?-ster 


If e2/*” >> 100, it is possible to approximate Eq (8) to 
within an accuracy of 1 per cent by Wien’s Radiation Law: 


" C1 ~aAtT 
H(\,T)dd = re - (10) 


The condition on the accuracy of this approximation is 
that AT < 0.31 cm-deg. 

Another limiting form of the Planck distribution is the 
Rayleigh-Jeans Law: 


c 
~»~* Tar QL) 
C2 


H(,T)ddx = 


which is accurate to 1 per cent provided AT, > 72 cm-deg. 
Figure 6 shows the percentage deviation of Eqs (10) and 
(11) from the Planck Law as a functon of AT. 

It would appear at first glance that the Rayleigh-Jeans 
Law is more appropriate for microwave radiometry than 
for wavelengths within the infrared. However, with the 
current tremendous research work on high-temperature 
plasmas in many laboratories, this is no longer true. At 
a plasma temperature of 30,000 K, the Rayleigh-Jeans 
approximation is accurate to within 2 per cent for A > 
12 microns. The approximation can be used within 2 per 
cent accuracy down to the ultraviolet, 3500 A, when 
applied to estimating the temperatures (~ 10° K) of the 
fireball in an atomic explosion. 


Stefan-Boltzmann Law 


The total radiant emittance is the integral of Eq (8) 
over all wavelengths: 


att 
H(T) / H(Q,T)dd = osp T* ( be — ) (12a) 
cm’*-2z ster 


0 


or, more conveniently, 


H(T) = T \'/__ watt 
~ \ 648 cm?-2z ster 


T Italic numerals in parentheses refer to Cited References at the end af 
this article. 
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where og, is the Stefan-Boltzmann constant and is equal to 
5.6687  10°'* watt/cm?-deg*. Equation (12a) is the 
Stefan-Boltzmann radiation law and gives the total radiant 
flux emitted by a unit area in all directions into a hemi- 
sphere (27 steradians). The flux emitted per unit projected 
area of source into a unit solid angle is simply 


apT” tt 
B(T) = eer = 1.906 x 107" m( a (13a) 


2 
T cm*-ster 


4 
e 7 watt 
~ \ 863 cm?-ster 


For practical calculations, it is worth noting that Eqs 
(12b) and (13b) give a quick convenient way of mentally 
estimating the total radiant flux. Figure 7 is a plot of 
H(T) vs T and B(T) vs T for these equations. 


(13b) 


Wien’s Displacement Law 


If H(A,T) in Eq (7) is plotted against A, the resultant 
curve will exhibit a maximum. To obtain the wavelength, 
Am, at which the maximum occurs, one differentiates Eq 
(8) with respect to A and finds 


AmT’ = 0.28978 cm-deg (14) 
or, approximately, 


AmT = 0.3 cm-deg (to within 4 per cent accuracy) 


Equation (14) is a statement of Wien’s displacement law 
and states that the wavelength of maximum radiant emit- 
tance is progressively displaced toward shorter wavelengths 
as the temperature of the blackbody increases. Evidence of 
the shift of the maximum toward shorter wavelengths is 
familiar from the color changes of heated objects as their 
temperature is raised. 

Substituting Eq (14) into Eq (8), we find the radiant 
emittance H(A,,,7) per unit of wavelength interval at the 
wavelength A,, and temperature T is 


HOm.T) = 12.865 X 107'° r( cohen ) (15) 
em’-micron-27 ster 


$ 
7 watt 
~ \950.9 cm’-micron-27 ster 


It is important to note that H(A,T) cannot have a finite 
value unless it refers to a finite dd, since an infinitely nar- 
row spectral band contains no energy. Of course, the 
choice of this wavelength interval is made completely at 
the individual’s discretion and is usually chosen for con- 
venience. In Eq (15) this interval has been taken to be 
one micron. 

From Eq (14) and Fig. 6 it is seen that the Planck 
distribution can be approximated to within 1 per cent at 
any temperature for all wavelengths up to X,,, and to within 
10 per cent for all wavelengths up to 2A,,, by using Wien’s 
radiation law. 

Equations (14) and (15) are of special interest inas- 
much as they make convenient reference points on the 
Planck distribution. Because all blackbody curves have the 
same form, it is possible to use Eqs (14) and (15) to plot 
a master curve of A(A,T) [in units of H(d,,,7T)] vs 
\ (in units of A,,) to represent all temperatures. This 
master curve is shown in Fig. 8, where A(\,T)/H(i,,,T) 
is plotted as a function of A/A,,. In order to find the 
radiant emittance of a blackbody at any temperature and 
wavelength, one uses Eq (14) to calculate \/\,,, finds 
B(y) from Fig. 8, and then applies Eq (15) to obtain the 
absolute value of H(i,T). 

Another useful plot is a graph of F(x) == Ho., (T)/H(T), 
the fraction of the total radiant emittance of a blackbody 
radiated in the interval \ = 0 to \ = jA,. As in the case 
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Fig. 8—Master curves of Planck distribution in units of peak 
radiant emittance vs wavelength in units of peak wavelength. 


of the Planck distribution, it is also possible to plot a 
master curve which will represent this quantity for all 
wavelengths and all temperatures. We can write 


wi 
H (T) = edd 
O-dy - » (e?7 ~1) 
0 


15 
= = osn T* 7 (16) 
me a 


where x, == \,7/c.. Figure 9 is a chart of F(x) plotted 
against x. It is found that 


dew 2 


‘ l 8 Tt 
/ H(,T)dd = = / H(Q,T)dd = — ( 


0 o 


which is often useful in giving an estimate of the distribu- 
tion of radiant flux at any given temperature. 

In some applications (as, for example, when dealing 
with quantum detectors) it is more useful to know 
N(A,7), the rate of photon emission by a body, rather than 
the radiant emittance. For this purpose we divide the ex- 
pressions H(A,T), etc., by hc/d, the energy of a photon of 
wavelength 4. The corresponding formulae are 


1.8837 X 10’ 


photons 


1 
(e/*7 —1) | cm?-sec-micron-2x ster 


(18) 
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photons 
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cm?-sec-2x ster 
(19) 
N'mT = 0.36997 cm-deg (20) 


photons 


N(\'m.T) = 2.1009 x 10’ T* (21) 
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Quite analogously to the functions F(x) and B(y) de- 
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Fig. 9—Master curves for the fraction of total radiant emittance 
of a blackbody radiated in the interval } = 0 tox = d,- 


x 


fined for the radiant emittance, it is possible to write for 
the photon emission rates G(x) N,.,(7)/N(T) and 
D(z) = N(A,T)/N(X’,,,T). These plots are included in Figs. 
8 and 9. 

It is sometimes useful to know the variation of H(,T) 
with temperature (e.g., in a situation where it is desired to 
measure or control a rather high temperature of a system). 
Differentiating Eq (8) with respect to T we find 


dHQ.T)  @ est HO.T) Me tecwin 
7 A, = A, 
dT AT, | (e*" -1) weet? 


where the approximation is accurate to 1 per cent if AT < 
0.31 cm-deg. One may have a choice between detectors 
which are equally sensitive for equal energies but which 
are sensitive in different spectral regions. From the above 
equation it is easily seen that, since the percentage change 
of the detector signal depends upon [dH(\,T)/dT]/ H(\,T), 
it is more advantageous to choose the detector which is 
sensitive to the shorter wavelength radiation. 


Thermal Radiation from 
Real Materials (4) 


Real materials at any temperature above absolute zero 
may be characterized with regard to their thermal radiation 
by the spectral emissivity «(A,T). This quantity is defined 
as the fraction of the blackbody flux radiated at that wave- 
length and temperature. Gases have a rapid variation of 
e(A,T) with d since they emit strongly only at wavelengths 
which correspond to absorption lines. For most solids, 
e(\,T) is a slowly varying function of the temperature and 
wavelength in the infrared. The spectral radiant emittance 
of objects which are not perfect blackbodies is obtained 
by multiplying the appropriate distribution function by 
e(A,T). Unless the explicit functional dependence of ¢«(A,T) 
upon A and T is known, it is not possible to integrate 
analytically over all A. In general, the integral will not 
yield a dependence for the total radiant emittance. In- 
stead, H(T) will be of the form 

H(T) = €T)osp T* 
a ® 
e(2,T)dr 


where Z| - 
- <) z°(e'/* -1) 


(23) 


with x AT/c.. In general, ¢«(7) varies only slowly with T. 
The spectral emissivity and total emissivity have been 
measured for relatively few materials, notably metals and 
refractory substances, and at rather high temperatures 
which produce visible radiation. These materials form im- 
portant sources of infrared radiation for different portions 
of the spectrum and will be discussed in a later section. 


Interaction of Radiation with Matter 


The interaction of radiation with matter can be treated 
in two parts. First, one must identify the optical constants 
(the real part of the index of refraction, n, and the extinc- 
tion coefficient, k) in terms of the electric constants (the 
dielectric constant, x, and the conductivity, 7). Second, 
one must assume a model for the material and derive ex- 
pressions for «x and o. In deriving n and k, the starting 
point is Maxwell’s equations. If, in vacuum, the electric- 


= E,e-iots/e - t) where 


field vector is represented as E 
x is the coordinate in the direction of propagation, t is the 
time and c¢ is the velocity of light in vacuum, then, to 
satisfy Maxwell’s equations in any homogeneous isotropic 
material, it is found that 


E = Ee ™ mz/e—t (24) 
The quantity n is called the complex index of refraction 
and is defined by 


n=n-— gk (25) 
Substituting Eq (25) into Eq (24), we find 


— 
E “ n~@e fe Jw(nz/c—t 


where the quantity n is defined by 
c 


n= 
v 


where c is the velocity of light in vacuum and v is the 
phase velocity in the material of a plane wave having con- 
stant amplitude along a wave front. This is the quantity 
usually taken to be the refractive index of a dielectric sub- 
stance. The meaning to be attached to the extinction co- 
efficient is that it is a measure of the damping of the 
electromagnetic wave as it progresses through the sub- 
stance. The electric vector becomes attenuated by a factor 
wk/c per unit distance traveled in the material. This at- 
tenuation is due to the classical Joule heating whereby the 
energy of the wave is progressively changed into heat in 
the conducting medium. 

When radiation is incident upon a slab of matter, part 
of it will be reflected at each sample-air interface, part of 
it will be absorbed by the material, and the remainder 
will be transmitted. The reflection coefficient and absorp- 
tion coefficient characterize the first two processes. The 
reflection coefficient, R(\), which is a function of the inci- 
dent wavelength, is the ratio of the intensities (energy 
density times velocity of flow) reflected from a single 
sample-air interface to the incident intensity. For the case 
of normal incidence, the reflection coefficient may be ob- 
tained in terms of n and k as 


28) 
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The absorption coefficient a(d), is defined by the relation 
dI = —a(A)Idr (29) 


where / 1s the intensity of the radiation within the sample 
at any point behind the incident surface. Integrating Eq 
(29) will show that, as the radiation proceeds through the 
substance, its intensity decreases as e-@(/*, Since the in- 
tensity of the electromagnetic wave within the medium is 
proportional to |E|?, then, by virtue of Eq (26), we may 
identify 


2wk e 
a(A) = (30) 


c 


where \, is the wavelength in vacuum. Physically, a? is 
the skin depth—i.e., the depth at which the intensity has 
fallen to 1/e times its value at the surface. 

In general, n and k are functions of the angular fre- 
quency w. The complex refractive index turns out to be, 
using rationalized mks units, 


(31) 


where ¢, is the permittivity of free space. From Eqs (25) 
and (31) the real parts and the imaginary parts may be 
equated to obtain 


o 
2nk 
WEG 


Equations (32), when solved, permit explicit determina- 
tion of the optical constants in terms of the electrical con- 
stants with signs chosen to make n and k real: 


sly (5)+] 
Ly! (=) | 


These equations are perfectly general and apply to all 
materials. It is seen that if a substance has a finite elec- 
trical conductivity, it will also absorb radiation, the func- 
tional dependence of k upon w being determined by the 
frequency dependence of the conductivity. For a dielectric, 
o 0, so that the index of refraction is given simply by 
c= \/r. 


Metals (5) 


We now consider the second half of the problem—that 
is, the atomic model for the material—and derive ex- 
pressions for the frequency dependence of o and x. 

To investigate the optical properties of metals it is 
necessary to assume that the conduction electrons in a 
metal behave like charged material particles immersed in 
a viscous medium, the motion of each electron being 
damped by a frictional force equal to —mv7r, where ¥V is 
the velocity of the electron and 7 is a relaxation time con- 
stant describing the viscous damping. From this atomic 
model we obtain relations for the conductivity and the 
dielectric constant 
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where o, == Ne*r/m* is the d-c conductivity of the metal, 
N is the number of free electrons per unit volume, e is the 
charge of the electron and m* its effective mass (asterisk 
indicates effective). Using Eqs (32) and (34), the optical 
constants are determined by the equations 


‘ r 
n? —}? = 1 — ( ) 
de 


2 


where A 


T 


is related to the d-c conductivity o, by 


2rcm *oo ay 
Ay = 72 = 6.7 x 10 : 
Ne’ N m 


2% m* 


microns (35a) 


when o,, and N are in mks units. The ratios of the effective 
mass to the free electron mass, m*/m,, to be used for 
gold, silver and copper are 0.98, 0.97 and 1.45, respec- 
tively. The quantity A, is the relaxation wavelength, the 
wavelength for which the relaxation time is equal to the 
period of the electric field. The wavelength d, is given by 

| 

a 


| 
2xe jegm* m* 


— = 3.34 x 10" 
e \ N \ m 
if N is in mks units. For all wavelengths less than \,, the 
metals are transparent insofar as absorption of radiation 
by free conduction electrons is concerned. The wavelength 
A, generally occurs in the ultraviolet portion of the spec- 
trum. 

For actual metals, it turns out that A, >> A,, so that, 
once we are on the long wavelength side of A,, we have two 
limiting situations which arise in the infrared. The first is 
in the range «© > A >> A,, where the relaxation time is 
much smaller than the period of the electromagnetic wave. 
The electron can then follow the motion of the oscillating 
electric field and the current will attain its full value of 


microns (35b) 


oE, causing absorption of the incident radiation to occur. 
The conductivity will have its d-c value, and we find from 
Eqs (34) and (33) that 


~ (36) 


2we 


Substituting Eq (36) into Eq (28) and realizing that 


o,/weé, >> 1, we obtain the Hagen-Rubens relation for the 
reflection coefficient of a metal surface in the infrared 


lo 
ee? oe (37) 


% 


The second limiting situation occurs if 4,>> A so that 


4 
a ) (38) 


In this case the electric field within the metal is damped 
exponentially so that (except for ultra-thin films) the metal 
is Opaque and almost total reflection takes place for all 
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angles of incidence. Of course, in the region where d 
rs, , Eq (35) must be used in its complete form. 

These considerations are made more meaningful by 
Figs. 10 and 11, where n/d, k/A and R have been plotted 
for a very good conductor (silver) and for a fairly poor 
conductor (liquid mercury). The values of the parameter 
used in calculating the curves and i), and i, are indicated 
in each figure. 

Aluminum represents an important material because of 
its ease of handling, tarnish resistance, and high reflection 
coefficient which makes it useful in mirrors and filters 
Figure 12 shows the experimental dispersion curves of 7 
and k and the reflection coefficient of an evaporated 
aluminum mirror. Also shown are the wavelengths A, and 
A., the former being experimentally determined and the 
latter calculated using Eq (35b) and assuming m* equal 
to the electron mass and N 7.68 1022 cm 


Molecules (6 


Perhaps the earliest and most exhaustively studied sys- 
tem in the infrared is represented by the infrared absorp- 
tion spectrum of a molecule. Unlike atomic spectra, the 
infrared molecular spectra cannot be explained solely in 
terms of quantum jumps of an electron between two Bohr 
energy levels. 

For a diatomic molecule, two additional types of motion 
are possible which do not occur for atoms. First, the mole- 
cule can rotate as a whole about an axis passing through 
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Fig. 12—Wavelength dependence of the optical constants of 
aluminum. 
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Wavelength dependence of the optical constants of 


the center of gravity and perpendicular to a line joining 
the nuclei (the internuclear axis), and second, the atoms 
can vibrate relative to each other along the internuclear 
axis. The amplitudes of these oscillations are extremely 
small, about 10-*-10-!° cm, and their frequencies are high, 
10'*-10'* cycles per second—the same order of magnitude 
as infrared radiations. A convenient analytical way of 
thinking about the forces which hold the atoms of a 
diatomic molecule together is in terms of a binding energy 
curve whose main features are shown schematically in 
Fig. 13a. The binding energy, E,, is the energy that must 
be supplied in order to dissociate the molecule—that is, 
to separate the constituent atoms. The distance r, repre- 
sents the internuclear separation when the molecule is in 
stable equilibrium. The curve shows that the energy of the 
molecule—that is, two atoms separated by a distance r,— 
is lower than the energy of these atoms separated by a 
very large distance; FE, is the energy of the bound mole- 
cule and is a negative number. If the nuclei are separated 


Parabolic approximation to & 


internuclear separation 


Ist excited state 


Ground state 


Electronic 
and vibration 
and rotation 


Electronic Electronic 
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Fig. 13—Binding energy curve (a) and energy level scheme (b) 
of a molecule. 
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by a slightly smaller or greater distance, r, the energy E 
is increased and there arises a restoring force. As r changes, 
due to the fact that the atoms are at a temperature above 
absolute zero, the electronic cloud follows the nuclei since 
the electronic velocities are much greater than the nuclear 
velocities. 

For small vibrations about the equilibrium position, ro, 
it is a good approximation to replace the actual E(r) curve 
by the dashed parabolic curve. From classical mechanics 
we know that the system whose potential energy curve is 
a parabola is a simple harmonic oscillator. In terms of 
Fig. 13a, the restoring force is 


‘ dE , 
Fe) (r — ro) (39) 
dr Z 


r=T9 


According to quantum mechanics, the energy levels avail- 
able to a system with a force like Eq (39) is 


E, = hyo ( n+ *) (40) 


where n is the vibrational quantum number (n = 0, 1, 2, 

. . .), A is Planck’s constant, and v, is the classical fre- 
quency of vibration 
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where M, is the reduced mass of the vibrating system: 


_ M,M, 
~ M,+M, 


The levels given by Eq (40) are drawn in Fig. 13a with 
the binding energy E, being measured from the ground 
state (n — 0) of the vibrating molecule. Only energy 
changes for which An = + 1 are allowed. This selection 
rule permits radiation to be absorbed by the molecule in 
the n == 0 state if the radiation has the proper frequency, 
producing the transition from n = 0 to n = 1. For ex- 
ample, at a wavelength of 3.35 microns, this transition 
occurs in the HCl molecule. However, it is not sufficient 
for a molecule to possess a natural frequency of vibration 
in order that it absorb radiation. The vibration must pro- 
duce a change in the dipole moment of the molecule or 
an oscillation of electric charge in order for the vibration 
to cause absorption. Diatomic molecules such as H., O, 
and N. do not emit or absorb radiation in the infrared 
because the complete symmetry of their vibrations pro- 
duces no changes in the dipole moment. A diatomic mole- 
cule such as HCl produces strong infrared absorption be- 
cause the hydrogen atom, being lighter, makes very much 
larger excursions than the heavier chlorine atom. A change 
in the dipole moment therefore results from the mechan- 
ical vibration. However, a molecule which has no per- 
manent dipole moment may emit or absorb radiant energy 
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Infrared spectra of water vapor, carbon dioxide, and ozone. 





if, when it vibrates, a dipole is produced. This is the case 
for CO., which has the configuration O-C-O. The mode 
of vibration in which the carbon is at rest while the two 
oxygen atoms vibrate in phase, both moving toward and 
away from it, are infrared inactive. A different, but allow- 
able mode which is infrared active is the bending vibration 
in which the oxygens move in one direction perpendicular 
to the axis of the molecule while the carbon moves in the 
opposite direction. 

Three very important triatomic molecules which are in- 
frared active are H.O, CO, and O., these being responsible 
for the atmospheric attenuation of infrared radiation. The 
absorption spectra of these molecules is shown in Fig. 14. 

The attenuation of the infrared by the gaseous con- 
stituents of the earth’s atmosphere must be taken into 
account in a detailed and explicit fashion in many appli- 
cations. At present a great deal of effort is focused on re- 
cording atmospheric infrared spectra at various locations, 
seasons and altitudes around the earth. 

The second form of energy of the molecule, the kinetic 
energy of rotation, gives rise to the following allowable 
set of energy levels of a diatomic molecule: 


hI(J +1) 
y= (43) 
, 82° I 
Here J is the rotational quantum number and takes on the 
values 0, 1, 2, . The quantity I is the moment of 
inertia of the two nuclei about their common center of 
mass 


I = M,r5 (44) 


The selection rules for J are AJ +1. Thus, in absorp- 
tion or emission, a set of lines with energies equal to 
2(h?/87°I), 4(h*/8n7I), etc., occur. Measuring the fre- 
quencies of such lines permits the determination of I and 
hence r,. The rotational energies are very small and, there- 
fore, the pure rotation spectra lie in far infrared or micro- 
wave regions of the spectrum. It is important to realize 
that only molecules with a permanent dipole moment ex- 
hibit rotational spectra. 

In general, a molecule can possess both rotational and 
vibrational energies simultaneously. In addition, the elec- 
trons may be in excited states. The total energy of a mole- 
cule is therefore 


E Erotation + Evivration + Eetectroni (45) 


with 1 < E,, < 10 ev, 0.1 < E bev; 10 < Bo, =< 
10° ev. This is shown schematically in Fig. 13b, where 
the pure rotational levels appear as a fine structure on 
every level of electronic and vibrational energy and are 
indicated by the short horizontal lines. The reason that the 
infrared spectra of a molecule are usually so complex can 
be seen since each transition involving a change in energy 
of the electron causes an entire series of emission or ab- 
sorption lines, because of the many possible combinations 
of changes in vibration and rotation. 

Most of the near infrared spectra of molecules involve a 
rotation-vibration spectrum involving a simultaneous tran- 
sition from the vibrational states n, to n., and the rota- 
tional transitions J, to J, AE ACE, 3, + Evo.) == hy. 
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Fig. 15—(a) Sodium chloride structure and (b) cesium chloride 


structure. 


The first term in Eq (47) fixes the position of the center 
of the vibration band, while the second term determines 
the rotational fine structure separation in it. In practice, 
the moment of inertia I is deduced from the observed 
separation in those vibration-rotation bands lying in the 
near and intermediate infrared. For a linear diatomic 
molecule, J can never be equal to zero. Consequently, when 
the fundamental frequency is absent, two branches are 
formed in the observed spectra. In molecules such as 
NH,, J = 0 is allowed. Hence, from a consideration of 
the type of vibration-rotation spectrum observed, the con- 
figuration of the molecule can be deduced. The informa- 
tion which can be derived from a study of the rotation- 
vibration spectrum is: (1) the moment of inertia of the 
molecule about the axis of rotation, giving the molecular 
dimensions; (2) the bond strength which is deduced from 
the fundamental frequency »,; and (3) the configuration 
of the molecule. Infrared spectroscopy may be used to 
analyze mixtures of complex molecules, especially hydro- 
carbons, because the absorption spectrum of a particular 
complex molecule is unlike that of any other molecule. 
The force constants of various bonds give rise to charac- 
teristic absorption frequencies which serve to identify the 
molecule. For example, the OH group in any molecule 
gives rise to approximately the same absorption frequency. 


Tonic Crystals (7) 


An ionic crystal is one which contains positive and nega- 
tive ions. The ions arrange themselves so that the electro- 
static attraction between ions of opposite sign is stronger 
than the electrostatic repulsion between ions of the same 
sign. Thus the electrostatic interaction of oppositely charged 
ions gives rise to the ionic bond. The sodium chloride and 
cesium chloride configurations illustrated in Figs. 15a and 
15b are common structures found in ionic crystals. 

In the intermediate and far infrared it is observed that, 
for ionic crystals, the reflection coefficient rises almost to 
a value of unity at certain wavelengths. Equation (28) 
shows that this takes place when the index of refraction 
is frequency dependent. This is what is meant by disper- 
sion. The most general features of the optical properties 
of ionic crystals in the infrared can be explained if we con- 
sider each ion of the crystal as being acted upon by three 
forces: 


(1) an elastic restoring force proportional to the dis- 
placement of an ion from its equilibrium position 
(2) a damping force proportional to the velocity of 
the ion 
(3) a force proportional to the electric field. 
Under these assumptions, the dependence of the dielec- 
tric constant of an ionic lattice upon the frequency is 
given by 
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where y is the damping constant, », is the circular infra- 
red dispersion frequency, «., is the dielectric constant 
at frequencies greater than ow, but less than the fre- 
quencies of electronic transitions, and x, is the static 
(low frequency) dielectric constant. 

In order to make clearer the connection between Eq 
(48) and the observed reflection properties, we recall that 
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If the dissipative forces are neglected (that is, y - 
(48) reduces to 


0), Eq 


«(w) = ke + — 2 (51) 
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Fig. 16—Frequency dependence of the reflection coefficient of 
a polar crystal. 


On the basis of Eq (51), the variation of R with frequency 
can be seen. As w increases from zero to the dispersion 
frequency ,, the refractive index n == \/x(w) rises from 
\/xo and approaches an infinite value. Thus, from Eq 
(50), it follows that R increases from its low-frequency 
value of [/x, -- 1)/(\/ Ko -+ 1)}* to unity when @, is 
reached. As soon as w, is exceeded, x changes from --0o 
to —oo and continues to remain negative up to a fre- 


quency of w, = \/ko/x. wo. The value of n is therefore 
imaginary and R = 1. Thus there is a band of perfect 
reflection located between the frequencies w, and w,. Above 
w,, R decreases rapidly to zero at a frequency ,, == 
w [(ky — 1)/(«.. — 1)]'/? and beyond @,,, R increases slowly 
until it attains its high frequency limit of (\/«,. — 1)*/ 
(\/ea -+- 1)?. The dispersion formula, Eq (51), thus ex- 
plains the observed reflection in the vicinity of the disper- 
sion frequency. This frequency dependence of R is shown 
in Fig. 16. In practice, the observed reflection is not per- 
fect at any frequency and, although Eq (50) gives the 
correct answer for frequencies well removed from ap, it 
fails in the neighborhood of ,. To remedy this situation 
it is necessary to retain the dissipation term and use Eq 
(48) to calculate R. This effect is also shown in Fig. 16. 
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Fig. 17—Reststrahlen frequencies of alkali halide crystals. 
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Fig. 18—Reststrahlen frequencies of polar crystals. 


The behavior of the reflection coefficient as a function of 
wavelength is summarized for some of the more important 
infrared materials in Figs. 17 and 18. The Reststrahl 
(residual ray) is usually considered to be at the frequency 
at which the maximum reflection occurs. The character- 
istic strong reflection is typical of crystals which possess 
ionic bonding. This experimental fact has been used as a 
standard procedure to produce practically pure (mono- 
chromatic) radiation bands in the far infrared by re- 
peatedly reflecting a non-monochromatic beam from crystal 
plates so that in the residual beam only a small region 
of the most strongly reflected frequencies remains. 


Semiconductors 


In a semiconductor there are just enough electrons to 
fill up a certain number of the energy bands. (8) The va- 
lence band is the highest band that is filled and the conduc- 
tion band, which is the next highest in energy, is separated 
from the valence band by an energy gap, E,, generally 
measured in ev. At any temperature above absolute zero, 
there will be some electrons in the conduction band and 
holes in the valence band because of thermal excitation. 
These conduction electrons and holes are called free car- 
riers. Since, at ordinary temperatures, the thermal energy 
is much smaller than E,, the intrinsic concentration of 
free carriers is very small. Imperfections and impurity 
centers in the lattice structure give rise to localized elec- 
tronic states with discrete energy levels within the gap. 
Because it requires much less energy to excite an electron 
from these discrete levels, the free carrier concentration 
is very sensitive to small amounts of impurities or imper- 
fections. When combined with germanium and silicon, the 
Group III elements of the periodic table give rise to ac- 
ceptor states, whereas the Group V elements are donor 
impurities. Generally these are the most commonly used 
impurities. The shallow impurities, which act as single 
acceptors or donors with activation energies of about 0.01 
ev in germanium and 0.05 ev in silicon, include lithium 
and elements of the IIIA, IIIB and VA columns of the 
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periodic table. Other elements, which act as multiple ac- 
ceptor or donor impurities introducing levels lying more 
than 0.01 ev from each band edge in germanium and more 
than 0.05 ev in silicon, are known as deep-level impurities. 
A summary of the impurity activation energies in ger- 
manium and silicon is presented in Figs. 19 and 20. To 
understand the origin of multiple energy levels from a 
single atom of a given impurity, consider the way in which 
the levels associated with the shallow impurities arise. The 
elements of Group III and Group V are incorporated 
in the lattices of silicon and germanium substantially. The 
Group V elements, having one more electron than is re- 
quired to form the four covalent bonds with the tetra- 
hedrally spaced host lattice neighbors, can add an electron 
to the conduction band and thus act as a donor. Similar 
considerations apply to the behavior of the Group III 
acceptors. Consider germanium doped with zinc, a Column 
IIB element which lacks the two electrons necessary to 
form the tetrahedral band. Since it can take up two elec- 
trons from the valence band, it will act as a double ac- 
ceptor. Gold, from Column IB and lacking three electrons, 
acts as a triple acceptor. In addition, gold in its neutral 
condition in germanium introduces a donor level near the 
valence band. 

There are four modes of interaction of infrared radiation 
with semiconductors: 

(1) Intrinsic excitation, where the photon energy of 
the incident radiation is greater than E,, enabling the ex- 
citation of electrons from the valence band to the conduc- 
tion band directly across the energy gap. This process is 
termed electron-hole pair creation and is responsible for 
the fact that silicon and germanium are opaque and have 
metallic reflection in the visible region of the spectrum. 
Other semiconductors, such as CdS, which possess a larger 
energy gap, are transparent in the visible range and exhibit 
a characteristic color corresponding to the wavelength 
h, where 

1.24 
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if E, is given in ev. At wavelengths much longer than dg, 
the energy of the photon is insufficient to promote the elec- 
trons across the energy gap and the radiation will be trans- 
mitted by bulk samples. 

(2) Imperfection absorption, in which charge carriers 
are localized on impurity atoms or at lattice defects. These 
excitations occur in the infrared beyond the intrinsic ab- 
sorption edge since the energy levels associated with these 
localized states lie within the energy gap. Electrons may 
be excited to or from localized states to either the con- 
duction or the valence band. In addition, bound electrons 
and holes may be excited to a higher bound state. In the 
former, photoconductivity results because free carriers are 
produced. It is precisely this impurity photoconductivity 
which is currently attracting such avid interest since it is 
used to detect infrared radiation. If we include intrinsic 
photoconductivity, we see that the wavelength range is 
truly remarkable, extending from about A, == 1.1 micron 
for silicon out to roughly 120 microns for impurity photo- 
conductivity associated with the shallow levels in ger- 
manium. The intrinsic photoconductivity of a material is 
usually observed by forming a p-n junction and operating 
it as a photo-diode. 

If the semiconductor possesses an appreciable number 
of free charge carriers in conducting states (electrons in 
the conduction band in n-type material, holes in the va- 
lence band in p-type) we can distinguish another infrared 
absorption process. 

(3) Absorption by free carriers, which can be observed 
only at wavelengths beyond the intrinsic absorption edge; 
that is, for \ > Ag. The optical transition of a free elec- 
tron between two energy levels within the same energy 
band is forbidden by certain selection rules. Free electrons 
can be excited only to energy bands above the conduction 
band and, unless the separation for the energy bands con- 
cerned is small, such excitation will not be observable in 
the infrared. However, transitions by free carriers between 
energy levels within a given band are commonly observed. 
This is because, in any real crystal, disturbances in the 
periodic structure of the lattice cause the selection rules to 
be relaxed. Lattice virbations and impurity atoms are usual- 
ly the most important imperfections in this connection. To 
understand the effect of lattice vibrations, we may treat the 
problem in a fashion similar to the infrared absorption in 
metals. Combining Eqs (30), (32) and (34), we obtain 

Ne’ r ] 
a= (52) 


where n is the refractive index of the medium, m* is the 
effective mass of carriers present in concentration N, and 
7 is the mean relaxation time of the carriers. Equation (52) 
is clearly independent of frequency at low frequencies 
and starts to fall with increasing rapidity when or is about 
unity. For or << 1, Eq (52) reduces to 


Ne’ r 
nceg m* 


For wr >> 1, Eq (52) becomes 


Ne ed 2 
ea—|[ — 
NC wp \ 2xcm* 


= Ny? m, \? aid = 
=§.22x 10 *°—— —, _} meters (54) 


(53) 


ne \m 


after having introduced the mobility » — er/m*. This is 
the infrared free carrier or A? absorption referred to so 
frequently. For n-type germanium, the condition wr = 1 
occurs at about \ == 100 microns (3 10%? cps) at room 
temperature. At lower temperatures the carrier mobility 
(and hence r) increases so that the condition r = 1 oc- 
curs at lower frequencies. For example, at the temperature 


MARCH 1960 


Conduction 


Vhs litt htt si 


952 0.53 
049 049 Fe,(A)Cu,lA) 0495 
Ni, (A) Co, (A) Ag, (A) 
042 


O16 O16 O16 
Ca,(A) Mn,(A) Au(A) O13 _ 


Ag,(A) 


Valence band 


Fig. 19—Impurity activation energies in germanium. 
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Fig. 20—Impurity activation energies in silicon. 


of liquid helium (4.2 K), wr == 1 atA = 10 cm (3 X 10° 
cps). It should be noted that Eq (54) is valid only when 
hv << KT. If the energy absorbed from the incident 
radiation is no longer small compared with the thermal 
energy of the carrier and hy = KT, Eq (54) must be 
modified. We may therefore define a critical temperature 
at a given wavelength or a critical wavelength at a given 
temperature below which quantum effects will be impor- 
tant. Under these circumstances, Eq (54) is to be multi- 
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plied by (const) (/Av/KT)'*, which leads to a A* * variation 


of the absorption coefficient rather than a \* dependence. 
The modified form of Eq (54), when the photon energies 
are such that hy = KT, is given by 


<a m \? a 
a = 6.26 X 10 eo | meer (55) 
nT’ \ m’ 


In many semiconductors, free-carrier absorption increas- 
ing approximately as A* or A** [Eqs (54) and (55)] has 
been observed. Germanium (n-type) has been studied ex- 
perimentally in most detail and a 4°? law has been verified. 
In p-type germanium and silicon the infrared absorption 
spectra of free holes exhibits discrete absorption bands and 
a more sophisticated theory is required to explain the ex- 
perimental results. 

There exists another mechanism for the absorption of 
infrared radiation which arises even in the absence of im- 
purities or lattice defects. 

(4) Lattice absorption, Silicon and germanium exhibit 
several lattice absorption bands in the region between 9 
and 35 microns. In homo-polar crystals such as silicon and 
germanium, the lattice absorption is weak as contrasted to 
the ionic crystals (III-V and II-VI intermetallic com- 
pounds) where polarization is associated with the vibra- 
tion of the atoms. These infrared absorption bands are 
useful in ascertaining the frequencies of vibration of the 
atoms in the crystal. 


Phosphors (9, /0, //) 


We have thus far discussed only atomic mechanisms 
which absorb radiation. These processes, when operating 
in reverse, can produce the emission of photons. Infrared 
radiation associated with the direct recombination of holes 
and electrons has been observed in single crystals of ger- 
manium, silicon, indium antimonide, and gallium arsenide. 
In germanium and silicon it has been observed in p-n 
junction diodes operated in the forward direction. Both 
electrical injection and optical excitation have been suc- 
cessfully used to generate excess minority carriers. By 
suitable doping of silicon with shallow donors and ac- 
ceptors, extrinsic recombination radiation has also been 
observed. The extrinsic radiation lies on the long wave- 
length side of the intrinsic (direct) radiation and is asso- 
ciated with electronic transitions from the conduction band 
to acceptors and with hole transitions from the valence band 
to donors. The recombination radiation of the Column IV 
elemental semiconductors and III-V intermetallic com- 
pounds is rather weak and hence has not found much 
practical application. This is not the case for the traditional 
luminescent materials composed of Column II-VI com- 
pounds, which we now proceed to discuss qualitatively and 
in an admittedly oversimplified fashion. 

In general, any radiation emitted from a substance not 
in internal thermal equilibrium is called “luminescence”. 
That is, luminescence is to be distinguished from thermal 
radiation inasmuch as it does not obey Kirchhoff’s law. 
Luminescent substances are commonly called phosphors. 
Most phosphors are essentially semiconductors and are 
describable in terms of the energy-band model. The de- 
fects (chemical impurities, vacancies, interstitials) that 
introduce levels into the forbidden gap which allow radia- 
tive transitions are called activators. Usually these activator 
levels lie close to the valence band and when they are 
occupied by electrons, act as traps for valence-band holes. 
Some impurities give rise to levels just below the conduc- 
tion band. These levels may act as electron traps if they 
are empty. In this way, empty activator levels and filled 
electron traps correspond to the acceptor and donor levels 
of the more familiar semiconductors. 

Luminescence is usually excited in a solid by high-energy 
electron (or other particle) bombardment (“cathode lumi- 
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Fig. 21—The process of photoluminescence. 


nescence”) and by irradiation with photons (“photolumi- 
nescence”) which may be X-rays, y-rays, or ultraviolet 
light. ““Electroluminescence” is excited by an electric field 
that produces and accelerates free electrons within the 
phosphor. The luminescence process consists of the con- 
version of this input energy into light. Two kinds of lumi- 
nescence may be distinguished: (1) fluorescence and (2) 
phosphorescence. Fluorescence is light emitted practically 
simultaneously with the introduction of excitation. Phos- 
phorescence refers to the radiation emitted for some time 
after the excitation has been removed. The division be- 
tween the two may be fixed at approximately 10-* after the 
excitation ceases. With this definition, fluorescence is ob- 
served for durations of less than 10-° sec (the order of 
lifetime of most excited states) and phosphorescence for 
longer durations. 

Employing the energy band model (Fig. 21), we can 
depict in a simple fashion the process of luminescence. 
The incident photon or elementary particle promotes an 
electron (process 1) from the valence band or from a 
filled activator level to the conduction band, or from an 
activator ground state to an excited state of the activator. 
The electrons that reach the conduction band wander 
through the crystal (process 4) and may either return to 
the activator (process 7) or be trapped (processes 2 and 
5). If the electron is trapped it is immobile until it attains 
enough energy from the lattice vibrations to be excited 
once more (processes 3 and 6) to the conduction band. 
The rate at which electrons in traps are promoted to the 
conduction band is fe-¥*’*7 per second. The energy separa- 
tion between the trap level and the conduction band 
amounts to E, and f ~ 10° sec~ is related to the classical 
frequency of vibration of the electron in the potential well 
of the trap. That is, the electron makes f attempts per 
second to jump over the energy barrier E,; and e-?1’*? 
represents the probability that it succeeds in doing so on 
each attempt. The time during which an electron may be 
trapped is governed by the relative number of traps and 
activators, temperature, and E;, (which depends upon the 
type of impurity producing the traps). Eventually the elec- 
tron is trapped in an excited state of the activator (process 
7). The recombination (process 8) may result in the 
emission of a photon (radiative recombination) or the 
energy may be given up to the lattice vibrations (nonradia- 
tive recombination). Figure 21 is a schematic diagram of 
the process of photoluminescence—in this particular case, 
phosphorescence. The traps store the energy of the inci- 
dent particles or photons, thus delaying the return of elec- 
trons to the ground state of the activator, and are therefore 
responsible for the persistence of light emitted by phos- 
phors. Fluorescence, on the other hand, is produced by 
radiative transitions between the excited and ground states 
of an activator. 
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The energy-level system of real phosphors is, of course, 
more complicated than that depicted in Fig. 21. Fre- 
quently there are two or more activator levels and several 
trap levels. In such a system, radiative recombination re- 
sults in a series of emission bands. Furthermore, because 
of the many levels, interesting effects such as infrared 
stimulation (enhancement of the emission) and quenching 
(diminution of the emission) may be observed. The phos- 
phor is irradiated simultaneously with visible and infrared 


Experimental 


Determination of the 
Optical Constants: Solids 


In the previous sections we have seen how intimately 
connected are the quantities of physical interest (the dielec- 
tric constant and the conductivity of a medium) with the 
optical constants of the material, n and k. Experimentally, 
at infrared frequencies, the dielectric constant and conduc- 
tivity are rarely observed directly and must be deduced 
from measurements of n and k. 

The quantity k is related to the absorption coefficient a 
through Eq (30). To determine a experimentally, the ratio 
of the intensity, /, of the radiation transmitted by a plane 
parallel sided sample to the intensity, /,, incident upon the 
front surface is measured. This ratio is called the trans- 
mittance T/A) and, together with a knowledge of the re- 
flection coefficient, R(\), and sample thickness, f, deter- 
mines the absorption coefficient. 

Iategrating Eq (28) and assuming that there is but a 
single reflection at each face of the sample, we obtain the 
familiar exponential attenuation law: 


0 TQ) 
Ie 


In the absence of knowledge of the index of refraction as 
a function of wavelength, R(A) can be determined experi- 
mentally. The usual procedure is to measure the transmit- 
tance of a few samples of different thickness at several 
wavelengths. If the wavelengths used are such that low 
values of T(A) are measured, an extrapolation to t == 0 
gives (1 — R)?. 

Equation (56) is valid only in the case of high absorp- 
tion or for a thick specimen in the low-absorption region. 
Clearly then, Eq (56) must be modified if a thin specimen 
is to be measured in the low absorption range. For this 
case, Eq (56) is modified to read 


[1 — ROP en” (56) 


qd — Ry 


T() = 
(A) ew! R? e7@ 


(57) 
It is possible to solve for a and this can be shown to be 


Q) =—{ In ROY + sin} 2 por (58) 
a = i n + sinh 2RO)TO) 2 


Using Eq (57) to determine the reflection coefficient by 
varying the sample thickness, it is now possible to employ 
wavelengths where 7(A) is high and, upon extrapolation to 
t = 0, obtain (1 — R)/(1 + R). In essence, Eq (57) 
includes the correction for multiple reflections within the 
specimen. This correction can be obviated experimentally 
by working in the region of transmittance where the trans- 
mission is mainly controlled by the factor e@'. This is 
achieved by working in the moderately high absorption 
region (but still experimentally convenient range) of 
0.01 < T(\) < 0.1. Taking these limits for the trans- 
mittance, the sample thickness then determines the range 
of a(A) attainable. By working in the range of low values 
of T(A), the value of a(A) obtained is not especially sensi- 
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radiation. Recent advances in the synthesis of new mate- 
rials have led to phosphors which emit at wavelengths as 
far into the infrared as 2.6u. Nor is there any reason to 
believe that this wavelength represents an upper limit. The 
many applications of electroluminescent and photolumi- 
nescent solids as lighting elements, heating elements, fre- 
quency converters, and opto-electronic devices cannot be 
fully described and the reader is urged to consult the 
literature. (/2) 


Techniques 


tive to the value of R(A) which need be known only to, 
say, 10 per cent. For materials such as silicon and ger- 
manium, slabs of several microns in thickness can readily 
be prepared and absorption coefficients of 10* cm™' can 
be measured. 

The refractive index can be obtained from the reflection 
coefficient. However, since the sample surfaces are usually 
polished, the reflection coefficient will depend upon the 
surface condition. A more accurate value of the index of 
refraction which is characteristic of the bulk material can 
be obtained in the wavelength range where the absorption 
is small. Measurements are made of the deflection of a 
beam of radiation transmitted through a prism of the 
material whose refractive index is to be determined. At the 
angle of minimum deviation, 5, the refractive index is 
given by 
(6 + A) 

sin iy 
iin sin A/2 om 
where A is the apex angle of the prism. 

When the absorption coefficient becomes of the order 
of 10° cm~, there is no choice but to use reflection meas- 
urements to determine n and k. The Fresnel equations 
(one for each component of polarization) for the reflec- 
tion of radiation from an absorbing medium involve both 
n and k. Since both n and k are usually unknown, the 
commonly used reflection methods require two measure- 
ments, either at two different angles if the amount of 
polarization is known, or separately for both components 
of polarization at one non-normal incident angle. Matters 
become much simpler if normal incidence measurements 
are used, since only a single Fresnel equation need be used. 
The Fresnel formula for the reflection coefficient for nor- 
mally incident light is given by Eq (50). The complex 
square root of the reflection coefficient is 

n — jk —1 
= ~ (60) 
n—jk+1 
where |r \V/R. As Eq (60) illustrates, a measurement 
of R cannot furnish sufficient information to determine the 
optical constants n and k. However, if In |r| is known over 
the entire frequency spectrum, @ at any single frequency, 
@,, can be determined from the Kramers-Kronig relation 
between the real and imaginary parts of the complex 
function In r In |r| + j@: 


‘ir | 
wo) =f ey (61) 
wT Ww - Wy 
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This method is very successful inasmuch as negligible 
error results from a lack of knowledge of all parts of the 
frequency spectrum remote from the point of interest. 
This is because the denominator in the integrand of Eq 
(61) gives little weight to the contributions to the integral 
of those regions which are remote from ,. Once the 
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dependence of @ upon frequency is known, n and k follow 
from 


] r’ 


2 ir. cosé 


Infrared Materials 


In order to perform quantitative experiments upon the 
interaction of infrared radiation with matter, an infrared 
spectrometer and auxiliary equipment are essential. The 
spectrometer itself consists of three main units: a source 
of radiation, a means of dispersing the radiation, and an 
infrared detector. It is understood, of course, that mirrors, 
lenses, shutters, filters and polarizers are essential com- 
ponents of any infrared spectrometer apparatus. A very 
useful piece of auxiliary apparatus which has only recently 
been developed is an infrared reflecting microscope which 
can be used for the investigation of the spectra of extremely 
small specimens. 

For practical purposes we may divide the infrared into 
three regions (Fig. 2). The near infrared from 0.75 yp to 
1.3 (1 p 10°-* cm) is characterized by the fact that 
photoemissive cells and photographic techniques may be 
used for detection purposes. The intermediate infrared ex- 
tending to about 50 y» is characterized by the availability 
of transparent materials. This limit has been chosen at the 
maximum attainable wavelength of spectrometers employ- 
ing prisms as dispersing elements and is roughly where 
the absorption of suitable optical materials becomes ex- 
ceedingly large. The far infrared we have taken as extend- 
ing out to 1400 » since the rotation spectrum of water has 
been measured out to this wavelength using infrared 
methods. 

Generally, the design of optical systems in the infrared 
is dominated by one conspicuous feature—the low intensity 
of all available infrared sources. Another complicating 
feature is the relative fragility of prism and window mate- 
rials and their vulnerability to atmospheric attack. Fur- 
thermore, to cover the range out to 50 y, a variety of 
prisms is required. Because the experimental techniques 
of the infrared are characterized by the use of components 
in certain ranges of the spectrum, it will make for greater 
clarity if we discuss each of the elements separately, 
specifying their useful wavelength range wherever possible. 


Sources 


In an earlier section we discussed how important a 
knowledge of the emissivity is for calculating the amount 
of radiation emitted by a real material. The emissivity is 
a vital parameter in considerations involving the infrared 
detection of heated bodies and the strength of infrared 
sources. A qualitative guide to the emissivity is the absorp- 
tion spectrum of the material—the emissivity being low in 
spectral regions where the material is transparent or pos- 
sesses high reflectivity. If the material is opaque (the 
opacity arising from absorption rather than high reflec- 
tivity), the emissivity will be high. 

There is a theoretical guide to the emissivity of metals. 
For wavelengths where the Hagen-Rubens relation, Eq 
(37), is valid, the spectral emissivity is given by virtue of 
Kirchhoff’s law 

/ 
2weo | Po 


en(A,7T) = 2 0.365 3 
(.,T) T. 65]. (63) 


where p, is the d-c electrical resistivity and \ is the wave- 
length. Hence, for long wavelengths, ¢«(A,T) should be pro- 
portional to \/7/,. In a strict sense, Eq (63) is valid only 
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This method has been successfully applied to a determina- 

tion of the optical constants of germanium in the range 

1 to 10 ev. 


and Components 


for radiation emitted normal to the surface of the metal 
because of the use of Eq (34) in deriving it, and this is 
the reason for the subscript n. There is experimental evi- 
dence that metals do not obey Lambert’s cosine law; the 
emissivity possesses an angular dependence for angles 
greater than about 45 deg. If, for simplicity and prac- 
ticality, this is neglected and we write ¢,(A,T) == &(d,T), 


then, using Eq (63), the normal radiance is given by 


on ~ 64 
En\A, ae e2 A7 l ( ) 


B,Q,T)dd 


B,(T) = 0.365 pi’ . (65) 


where x c./AT. Performing the integration, we obtain 


B,(T) = 1.037 X 107"? pi? T°”? watt /cm?-ster (66) 


Comparing Eq (66) with Eq (13a), the normal total 
emissivity is found to be 


en(T) 0.574 (poT)' ; (67) 


Equations (63) and (67) point to the fact that metals are 
poor infrared emitters due to their very low electrical re- 
sistivity. In practice, eA,T) and «(T) are each of the order 
of 0.05. We also conclude that the spectral emissivity and 
total emissivity increase weakly with temperature. Equa- 
tion (63) is a fair approximation to the real state of 
affairs for wavelengths beyond about 10 microns. 

For non-metals such as graphite and the refractory 
oxides, there is no theoretical guide to the emissivity and 
hence one must have recourse to experimental data. In 
Fig. 22, the spectral emissivity of a Nernst glower, SiC 
(globar), MgO (magnesia), ZrO, (zirconia), BeO (beryl- 
lia) and ThO, + 0.8 per cent CeO, (Welsbach mantle) 
measured on bulk material are shown. 

The Nernst glower consists of a rod or filament of a 
mixture of ZrO., Y.O, (yttria) and CeO, (ceria) or ThO, 
(thoria), heated by an electric current. When used as a 
source for infrared spectrometers it is manufactured in the 
form of a cylinder approximately 35 mm long and 1.5 mm 
in diameter. It is generally operated at temperatures be- 
tween 1500 and 2000 K and its expected life is anywhere 
from 200 hr to over 1000 hr. Because platinum wires are 
attached as electrodes to the end of the filament, it does 
not require water cooling of end connections. The Nernst 
glower has a negative temperature coefficient of resistance 
and consequently it will continue to heat up until it burns 
out unless it is ballasted by a resistance to limit the cur- 
rent. It is a commonly used source of infrared radiation 
for wavelengths up to 15 yu, beyond which its emissivity 
decreases and becomes inferior to that of globar or the 
Welsbach mantle. 

A globar, as used in a spectrometer, is a silicon carbide 
rod 4s in. in diameter and 2 in. long which can be heated 
electrically to approximately 1200 C by about 200 watts 
input (4-5 amp, 35-45 volts). The electrodes are of silver, 
and the ends of the globar are coated with silver. The 
globar is surrounded by a water-cooled jacket. An impor- 
tant infrared radiation characteristic of the globar is ex- 
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Fig. 22—Emissivity of several non-metallic high-temperature 
materials. 


hibited in Fig. 22. The emissivity is practically independent 
of wavelength; i.e., it is a graybody and therefore has 
approximately the same distribution of radiant energy as a 
blackbody at the same temperature. Globar rods are avail- 
able in large sizes for use as extended infrared sources and 
for heating elements in furnaces and ovens operating up 
to 1300 C. 

The Welsbach mantel at infrared wavelengths of 10 yp 
to 100 » is superior to most other sources. It is similar to 
the source used for house lighting in the gaslight era. 
Physically it is a gauze comprised of ThO, to which 0.75 
to 2.5 per cent CeO, is added. The gauze or mantle is 
heated either by burning gas or an electric current. 

A great gain in source brightness is attained by the use 
of the carbon arc, of which there are two main methods 
of operation. In the low-intensity arc, the principal radia- 
tion comes from solid incandescent carbon in the shallow 
crater created on the face of the positive electrode. The 
temperature in this region is approximately 3900 K. In the 
high-current arc, a deeply formed crater appears in the 
specially cored positive carbon which has a higher tempera- 
ture and a higher current density than the low-intensity 
arc. The emission from vaporized core materials adds a 
dense visible line spectrum to the continuous spectrum 
emitted by the crater. This arc has a color temperature of 
about 5800 K. For practical reasons the low-intensity arc 
is commonly used. The electrode size (and therefore the 
current rating of the arc) is optional since all low-intensity 
arcs have essentially the same positive crater temperature. 
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Fig. 23—Comparison of emissivity of tungsten source to globar. 


The larger the electrode size, the larger the crater and the 
consequent greater ease of illuminating a given spectrom- 
eter entrance slit. Typical carbon rods are 12 mm for 
the positive and 8 mm for the negative, operating with a 
direct current of about 25-27 amp at 110-120 volts. Under 
these conditions the positive crater diameter is 6-7 mm. 
A ballast resistor of 1.8 ohms gives a voltage drop across 
the arc gap of 60-65 volts. The burning rate of the carbons 
under these conditions is 242 in./hr, with 2 hr between 
reloadings. The carbon arc is an excellent source in the 
wavelength range of 10 » to 100 yp, and its output has been 
claimed to be stable to 2 per cent. (/3) This stability is 
achieved only if the edge of the hot carbon crater is 
screened off and only the hot vapor source is imaged. 

Next to the carbon arc in brightness is the commercial 
tungsten filament lamp, which operates at roughly 2800 K. 
Because its glass envelope is not transparent beyond about 
3 yw, its application, as normally used, is limited to about 
this wavelength. If, however, it is mounted in an enclosure 
behind a suitable infrared window, its useful range will be 
limited only by the long wavelength cut-off of the window. 
The emissivity of a tungsten filament mounted behind an 
alkali halide window was found to be about one-half that 
of a carbon arc at all wavelengths from 2 yu to 14 pw. (14) 
When compared to a globar source operated at 1330 K, 
the emissivity of the tungsten source was greater by a 
factor of 2 in the range of 2 » to 15 pw. (14) This com- 
parison is indicated in Fig. 23. 

At wavelengths exceeding 150 y, the emissivity of the 
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Fig. 25—Far-infrared transmittance of non-crystalline materials. 


Welsbach mantle and the carbon arc decrease to the 
point where a different source is warranted. The chief 
laboratory source of far infrared radiation is a commer- 
cially available high-pressure mercury arc operating in a 
fused-silica envelope. The high pressure (from 1 to 100 
atm) of the arc broadens the discrete line spectrum into 
a continuous series of diffuse peaks. As the vapor pressure 
is increased, more of the emitted radiation occurs at longer 
wavelengths. To summarize, the optimum sources are listed 
in the following table: 
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Fig. 26—Refractive indices of infrared window and prism mate- 
rials. 
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Windows 

There is a variety of materials available for use as infra- 
red windows. To review all of the pertinent optical and 
mechanical data would go beyond the scope of this article. 
Instead, a few have been selected which, in the opinion of 
the writer, are useful because of their transmission proper- 
ties and their mechanical strength. 

In Figs. 24 and 25 the transmittance values of a variety 
of materials are plotted against wavelength for a given 
thickness of material. Another optical property of impor- 
tance is the refractive index since, for transparent mate- 
rials, it determines the reflection losses. These data are 
plotted in Fig. 26. When a material is to be selected for a 
window, the designer is interested also in such properties 
as solubility in water, hardness, and coefficient of thermal 
expansion. Table III summarizes some of these proper- 
ties. (J5) 


Dispersing Elements 


Because of the low intensity of infrared sources, dispers- 
ing systems are designed with the primary aim of con- 
serving energy. The dispersing element must therefore be 
of large aperture. Prisms are usually preferred because all 
of the dispersed energy appears in a single order. The ideal 
prism material should: 

(1) be available in large pure homogeneous pieces 

{2) be capable of being optically polished 

(3) be resistant to atmospheric exposure and fumes 

(4) not cold flow 

(5) be transparent over as large a wavelength range as 

possible 

(6) have a large dispersion index (dn/da) 

(7) have a small temperature coefficient of refractive 

index (dn/dT). 

Obviously no material satisfies all of these requirements 
and compromises must be made. As may be seen from 
Fig. 27, the dispersion of materials useful as prisms in the 
infrared is low. Since the resolving power of a prism is 
given by the expression b(dn/dd), where b is the length of 
the base of the prism, one strives to achieve the largest 
prisms consistent with high transmittance over the wave- 
length range of interest. 

There are at present many materials available for infra- 
red prisms and the question arises as to the best combina- 
tion of prisms to use in order to cover a given spectral 
region. For practical reasons, too many prisms should not 
be employed. If one is primarily interested in rough anal- 
ysis by infrared spectra where superior resolution is not 
essential, prisms of NaCl and KBr are sufficient to cover 
the range 1-30 yw. For research on molecular structure, 
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several prisms are needed to give the highest resolution, 
more accurate wavelengths and good band shapes. The 
choice should include: 


Quartz up to 2 u KBr 
LiF 2-6 bh CsBr 
CaF, 6-9 u CsI 
NaCl 9-15 uw 


15-25 uw 
25-35 w 
35-50 u 


As has already been noted, several of these prism mate- 
rials are readily soluble in water and therefore require 
special handling and the proper ambient conditions. 

The best resolution of spectrometers employing prism 
dispersing elements is 1 or 2 cm~. For the higher resolu- 
tion needed to measure the spectra of some crystals and 
light gases, diffraction gratings have been used. In the near 
and intermediate infrared, the resolution is 10 to 100 times 
better than that attainable with prisms. Furthermore, this 
resolution is attainable with a single grating which covers 
the range 2-15 yw, thereby obviating the high cost of 
several prisms. 

If gratings are used as the dispersing element, they 
should be “blazed” to concentrate the radiation in a de- 
sirable order. This involves shaping the grooves in the form 
of a “V” with one side steeper than the other. The steep 
side is almost perpendicular to the grating surface and is 
ineffective. The wider side is inclined at some particular 
angle to the surface of the grating and the depth of the 
groove is such as not to leave any of the original surface. 
This eliminates reflection of the undeviated image. This 
form of grating is called an echelette and is used in reflec- 
tion. Beyond SO y it is the only means of dispersing infra- 
red radiation. 

It has been shown to be experimentally feasible to em- 
ploy a single grating to cover the range of infrared wave- 
lengths normally of interest with greatly improved resolu- 
tion and at much less cost than with prisms. (/6) The 
grating for this purpose would be ruled with 2400 lines/in., 
blazed in the first order for 10 » and used as follows: 

2.5-3 4th order 4-7 u 
3-4 uw 3rd order 7-15 uw 


2nd order 
Ist order 

Grating parameters may be cited for two 12-in.-square 
echelettes for use in the far infrared covering the range 
100-700 ». One was ruled with 66 % lines/in., blazed for 
135 y» in first order, and was used from 100-300 yu. The 
other covered 300-700 » and had 25 lines/in. blazed at 
350 y» in first order. (/7) 


Filters 


The need for filters in any optical system is obvious and 
represents an extensive field of research endeavor. A great 


Table Ili—Properties of Infrared 
Window Materials (/5) 


Melting or 
softening 
temper- 
ature, 


deg C 


Coefficient 
of thermal 
expansion, 
10-*/deg C 


Solubility, 
gm per 
100 gm H,0 


Knoop 
Ma- | hard- 
terial ness 
Fused 
silica 461 | ~1710 0 
Al,O; 1370 | 2030 0 
MgO | 692 | 2800 0 
CaF, | 158.3 1360 0.0017 (26) 
BaF, 82 1280 0.17 (10) 
NaCl | 15.2 801 36 (0) 
AgCl 9.5 458 0 
KBr 5.9 730 54 (0) 
CsBr | 19.5 | 636 124 (25) 
CsI _— 621 44 (0) 
| 160 (61) 


0.5 (20-900) 
6.7 (50) 
| 13.8 (20-1000) 
24 (20-60) 


44 (—50 to 200) 
30 (20 to 60) 
43 (20 to 60) 
48 (20 to 50) 
50 (25 to 50) 
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Fig. 27—Dispersion curves of infrared window and prism mate- 
rials. 


deal of effort is being directed at interference filters because 
of their sharp band-pass characteristic. It will be impossible 
to discuss all types of filters and, for this reason, we shall 
cover only a few of the more prominent techniques of 
filtering. 

It is possible to distinguish immediately four phenomena 
suitable for filter action: (1) selective reflection, (2) 
selective refraction, (3) selective transmission, and (4) 
interference. 

The use of reststrahlen, or the residual rays of crystals 
possessing a high degree of ionic binding, provides the 
principal means of filtering by selective reflection. Figures 
17 and 18 give the wavelengths of the residual rays of a 
number of useful materials. In practice, radiation from a 
suitable source is collected by a concave mirror and is 
directed at the surface of a polished crystal whose residual 
ray occurs at the wavelength to be selectively reflected. 
After three or four more successive reflections from similar 
crystal plates, only the residual ray is present with any 
appreciable intensity, the other wavelengths having been 
attenuated by a factor of several thousand. This method is 
useful out to about 200 xz. 

The method of selective refraction depends upon the 
change of index of refraction with wavelength of a lens 
material. It is well known that the focal length of a lens 
depends upon its refractive index. Radiation of wavelengths 
corresponding to a small refractive index will not be devi- 
ated by the lens as much as the radiation for which the 
refractive index is high. Different wavelengths will be 
focused at different points along the optic axis if the lens 
is used in a wavelength region where it possesses high dis- 
persion (that is, large dn/dd). This is the method of focal 
isolation or selective refraction and is illustrated in Fig. 
28a. The classic use of this method employs two quartz 
lenses. The refractive index of quartz in the near infrared 
is about 1.5 and about 2.15 in the range 60 »-100 yw, where 
it is once more transparent. In Fig. 28a, radiation in the 
far infrared is passed through the aperture, brought to a 
focus at aperture A’, and transmitted. Visible and near- 
infrared radiation, being deviated less, impinges upon 
screen No. 2. Lens No. 2 focuses the desired radiation 


121 





a 


Fig. 28 


upon the detector. The two opaque discs, d, and d., serve 
to obscure the paraxial zone of the lenses to prevent the 
transmission of direct radiation. 

Che foregoing two methods for filtering are useful where 
bandpass filters are desired. If, on the other hand, long- 
wave pass filters (transmit wavelengths longer than a given 
wavelength) and short-wave pass filters (transmit wave- 
lengths shorter than a given wavelength) are required, we 
must turn to the phenomenon of selective absorption. We 
have already encountered this in the transmission properties 
of infrared window materials which may be used for 
short-wave pass filters although the sharpness of the cutoff 
leaves something to be desired. Long-wave pass filters are 
obtainable in the range 1-10 » by using the intrinsic ab- 
sorption edges of semiconducting crystals. These absorption 
edges or threshold wavelengths for the onset of long wave- 
length transmission can be varied in a controlled way by 
alloying two semiconductors in various proportions. The 
absorption edge of the alloy is located between those of the 
two pure materials and seems to remain as steep as that 
of its pure components. 

An ingenious method of converting a short-wave pass 
filter to a long-wave pass filter and vice-versa is by fabri- 
cating the material in the form of a rotating sector or 
“chopper”, Fig. 28b. This method is most suitable for 
materials which are highly transparent and possess a sharp 
cutoff. In Fig. 28b the chopper is assumed to be of sap- 
phire (Al.O,). When the shaded portion of the shutter 
intercepts the beam of radiation, all wavelengths less than 
6 » will be transmitted and reach the detector. If the 
shutter is rotated, radiation less than 6 » will not be modu- 
lated (provided the transmittance of the sapphire is unity). 
If the signal from the detector is fed into an amplifier 
tuned to the modulation frequency, we have a long-pass 
filter whose threshold wavelength is 6 uy. 

Interference filters are of two types: transmission and 
reflection. The transmission interference filter consists of 
two parallel half-silvered plates separated by a transparent 
dielectric. Interference of the light reflected from the 
plates provides spectral discrimination. The sharpness of 
the filter is proportional to the reflectivity of the plates, 
but the peak transmission decreases substantially as the 
reflectivity is increased. If the thickness of the dielectric 
layer is ft, maximum transmission occurs at wavelength A 
if 2nt = sd, where s is an integer. The ratio of maximum 
to minimum transmission can be made as large as 40 to 1. 

The reflection interference filter is made by depositing 
a thin layer of transparent dielectric on a front-surface 
mirror and then coating the dielectric with a semi-reflecting 
metal surface. Once again, constructive interference oc- 
curs if 2mt = sh. 

A selective reflector of a different type uses the prin- 
ciple that a plane grating gives mirror reflection of wave- 
lengths longer by a factor of roughly 1.5 than the grating 
spacing and disperses shorter wavelengths at angles dif- 
ferent from the angle of reflection. 
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Rotating 


Filtering by the method of focal isolation (a) and selective absorption (b). 


Mirrors 


Mirrors are used in infrared instrumentation in prefer- 
ence to lenses for the reason that it is difficult, because of 
chromatic aberration, to locate the infrared image formed 
by a lens. Chromatic aberration refers to the change of 
position of the focal point of a lens due to the fact that its 
refractive index varies with the wavelength. With mirrors, 
an infrared optical system can be aligned and focused 
using visible light because the infrared image will be co- 
incident with the visible one. 

The theory accounting for the high reflection coefficient 
of metals in the infrared has been developed and discussed 
in an earlier section. The most commonly used mirrors are 
front-surface, chrome-aluminum mirrors. 


Polarizers 


One of the best polarizers for use in the infrared con- 
sists of five or six unsupported (except at the edges) films 
of amorphous selenium about 10 » thick mounted so that 
the radiation to be polarized is incident on the films at 
the Brewster angle. These are very efficient, six sheets 
giving a polarization of 98 per cent and transmitting 47 
per cent of the incident unpolarized radiation. A pile of 
silver chloride plates can be used in a similar configuration 
with equal effectiveness. 


Infrared Spectrometer 


There exists a great diversity of infrared spectrometers, 
each possessing features unique to the intended applica- 
tion. Of these we shall discuss only (1) the single-beam 
double-pass spectrometer and (2) the far-infrared spec- 


So 


Ma 


Fig. 29—Single-beam, double-pass infrared spectrometer. 
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trometer which is useful in the range 100-700 up. 

In many prism spectrometers the Littrow mounting, 
employing a plane mirror placed nearly normal to the 
dispersed beam emerging from the prism, is used. This is 
illustrated in Fig. 29, a schematic drawing of the optics 
of the Perkin-Elmer single-beam, double-pass spectrometer. 
The radiation from the globar source, S,, is directed by 
means of the plane mirror M, onto the spherical mirror 
M. which focuses it on the entrance slit S,. The portion 
of the beam which passes through the slit is collimated 
by the off-axis paraboloid mirror M,. This type of mirror 
is used to minimize aberrations. The collimating mirror 
causes the radiation (ray 1) to pass through the prism P 
and be returned (ray 2) by the Littrow mirror M,. The 
beam is then led to the rotating shutter C via M, and M, 
and returned (ray 3) for another pass through the prism. 
The returning beam (ray 4) is focused on the exit slit S, 
by M, and M, and subsequently onto the detector by M,; 
and M,. Different wavelengths are made to fall upon the 
exit slit by rotating the Littrow mirror about an axis 
through O. The advantage of having the radiation pass 
twice through the prism is that effectively the prism angle 
is doubled and twice the dispersion is realized. Some of the 
radiation which has passed through the prism only once 
will also emerge at the exit slit. The attainment of the pure 
spectrum is realized by inserting the chopper at C so that 
only radiation that has passed twice through the prism is 
modulated. The ouput of the detector is fed into an am- 
plifier tuned to the modulating frequency. A further ad- 
vantage of the chopped radiation is freedom from error 
due to drift in the output of the globar source and elec- 
tronic amplifiers. The absorption cell or sample to be in- 
vestigated may be placed at the entrance slit A or at the 
exit slit A’. 

As mentioned earlier, echelette gratings are used in the 
near and intermediate infrared when high resolution is 
indispensable and throughout the far infrared because of 
lack of prism materials. The optical arrangement is similar 
to the Littrow mounting except that the prism and Littrow 
mirror combination are replaced by a plane grating. When 
an echelette grating is used at the wavelength of the blaze, 
100 per cent of the radiation incident upon it goes into the 
first order spectrum. However, 100 per cent efficiency is 
also realized for all the higher order spectra of 4/2, d/3, 
etc., so if used in the blaze it will not help in the elimina- 
tion of higher orders but will leave that entire task to 
filters and reflections. Filters overcome the problem only 
partially. At wavelengths less than 50 ,, the only satisfac- 
tory method is the use of a fore-prism. A prism spectrome- 
ter is used to spread out the spectrum under low dispersion 
so that one small band of wavelengths may be chosen to 
be examined under the much higher dispersion of the 
grating. Beyond 50 y the only solution is to use filters 
opaque to the shorter wavelengths. 

To illustrate some of these considerations, a 12-in. f/1 
far-infrared spectrometer will be described which has been 


Glass and aluminum 
airtight enclosure 


Porabolic mirror 


Grating table 


Echelette grating 
4 Rubber sleeves 


/ 


Spherical mirror 


mirror 


Golay 
detector 





KRS5 of 
aluminum 
mirror 


‘Gas cell, 
polyethylene 
windows 





Fig. 30—Twelve-inch {/1 far-infrared spectromete 


successfully used to study the pure rotation spectra of 
HCl, NH,, H.O, and H.S in the range 100-700 yp. (17) 

Because the need for conserving energy in this range 
of wavelengths is severe, large optics are employed. The 
entire optical system of the spectrometer, Fig. 30, is 
mounted in an airtight enclosure to facilitate drying of the 
surrounding air since any rotational bands of water vapor 
would cause complete spectral black out. Ordinarily, two 
sources are used, depending upon the wavelength range 
under investigation. These are mercury-arc sources sealed 
in a quartz discharge tube. In the range 300-700 p» a 
larger, liquid-cathode, quartz mercury arc (Hanovia H-3 
lamp) is used. The radiation from the source is focused 
upon the absorption cell by the concave and plane mir- 
rors, whose surfaces are coated with turpentine soot. The 
latter is prepared by burning cotton soaked in turpentine 
and has a transmission of 90 per cent at 150 y» but is 
opaque to the intermediate infrared and the visible. The 
polyethylene windows of the absorption cell may also be 
coated with soot. The radiation is then focused upon the 
entrance slit by a quartz lens, used as a filter employing 
the method of focal isolation. The coin keeps the direct 
paraxial ray from being transmitted. The 12-in. parabolic 
mirror, which is gold-coated, focuses the radiation upon 
the echelette grating which then returns the dispersed 
beam to the parabolic mirror (auto-collimation). The 
latter focuses the beam on the Golay cell detector (pneu- 
matic detector). 


Applications 


The use of infrared techniques for the solution of vari- 
ous problems in science and engineering is undergoing a 
broad and vigorous expansion. (/8). Infrared techniques 
are currently being applied with great success and in 
various ways to military, industrial, astronautical, medical 
and technical problems. Several of these applications have 
already been hinted at in this article. In a broad sense, 
there are three general areas of application: 

(1) Analysis, in which one is interested in identifying 
an unknown chemical compound or gas by its character- 
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istic infrared absorption spectrum; the study of energy 
levels in solids; the application in chemical plants and in 
the petroleum industry in monitoring the concentration 
of impurities during processing, etc. These are typical ap- 
plications and one can readily think of many more. 

(2) Detection of a heated object. Included here are 
most of the military applications of infrared to recon- 
naissance, bomber defense, missile seekers and homers, 
ballistic missile detection, airborne early warning and fire 
control, and satellite tracking. Also included under this 
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heading are several industrial and medical applications. 
Fire detection in aircraft, forest-fire protection, and the 
classic example of detection of overheated journal boxes 
on railroad cars represent non-military applications. Ther- 
mal imaging techniques are being applied in diagnostic 
medicine to the study of near-surface abnormal growths 
such as tumors and cancers. 

(3) Communication. There are several advantages in 
the use of infrared communications, the chief one being 
privacy. This privacy is a result of the narrow beamwidths 
easily achieved in infrared and the ease with which the 
visible portion of the radiation can be removed by filters 
Other advantages are freedom from interference, addi- 
tional channels over and above radio channels, lack of 
requirement for FCC licensing, simplicity and potential 
low cost. In fair weather the usable range of an infrared 
communication system is from 6 to 10 miles. The radiation 
is usually amplitude modulated. The receiver cell. com- 
monly a photoconductive detector. responds to the ampli 
tude-modulated infrared radiation by changing its resist 
ance with the modulating frequency. These resistance 
changes are then converted electronically to the original 
electrical modulating signal 

In general, infrared system considerations will differ, 
depending upon the particular application. There is then 
a diverse number of auxiliary problems associated with 
scanning techniques, optics, mechanics, electronics, de- 
tectors, environmental conditions, sources. backgrounds, 
etc. Space limitations clearly restrict the number of topics 
which can be discussed here. While the components will 
differ among various operational infrared systems, there 
is one element which is common to all—the detector. The 
various infrared detectors will therefore be reviewed with 
the purpose of providing a fundamental understanding of 
the factors which govern their operation 


Detectors 


For convenience, infrared detectors are divided into two 
broad classes: those in which free charge carriers are pro- 
duced by photons of appropriate energy and those which 
rely essentially on the heating effect produced by the ab- 
sorbed radiation. The former are called photodetectors and 
the latter thermal detectors, and various kinds of each are 
listed in Table IV. The distinguishing feature between the 
two types is that, in photodetectors, the electrons absorb 
the incident energy, whereas in thermal detectors the lat- 
tice atoms are excited into more energetic states and there- 
by cause heating. Generally, photodetectors have smaller 
time constants, and as a consequence, respond more rapidly 
to infrared radiation than thermal detectors. On the other 
hand, the latter exhibit no spectral sensitivity. Photodetec- 
tors have a somewhat greater responsivity, requiring less 
radiant power to produce a given signal than a thermal 
detector. Cooling a photodetector increases the sensitivity 
at the expense of the speed of response. Nevertheless, a 
cooled photodetector still has a time constant which in many 


Table IV—List of Infrared Detectors 


Thermal detectors Photodetectors 


Photoconductors 
Thermistor Bulk 


Bolometer 


Metallic Impurity 
Superconducting Intrinsic 
Radiation thermocouple | Film 
Pneumatic cell | Photoelectromagnetic cell (PEM) 
Photovoltaic cell 
Phototransistor 
Photodiode 


cases is more than two orders of magnitude smaller than 
a thermal detector. Thus, photodetectors exhibit a rela- 
tively high sensitivity over only a limited part of the spec- 
trum and are fast; thermal detectors cover the entire spec- 
trum and possess somewhat lower sensitivity and longer 
response times. 

Several parameters are used to describe the response 
and detecting ability of radiation detectors. The responsiv- 
ity (R,) denotes how effective the detector is in changing 
radiant flux into an electrical signal and has the units of 
volts per watt: R, V./P. The noise equivalent power 
(P,,) is the incident radiant power which will produce a 
signal equal to the rms noise voltage of the detector: 
Pr. PV,/Vx,. The detectivity (D*)—read “D-star”- 
is a figure of merit which normalizes detectors to 1 sq cm 
under the assumption that P,, varies as the square root of 
detector area, D* (AAf)'/°V,/ PV, where A is the de- 
tector area and Af is the amplifier bandwidth. Since both 
P,, and D* depend upon the measuring condition, these 
conditions must be specified. If, for example, the detectivity 
has been measured by exposing the detector to 500 K 
blackbody radiation at a modulating frequency of 1000 
cps, using an amplifier of bandwidth 10 cps, one writes 
D*(500 K, 1000, 10). If detectivity is cited at a wave- 
length of 5 » under the above test conditions, the notation 
becomes D*(5 yp, 1000, 10). Spectral dependence of de- 
tectivity would be written D*( , 1000, 10). Because 
D* depends upon detector temperature, the author sug- 
gests that this be included within the parentheses in the 
fourth position, giving D*( 1000, 1, 80 K) as the 
spectral D* for a detector cooled to 80 K. This notation 
is followed in labelling the curves of Fig. 31. (Note the 
change in abscissa scale beyond 20 ux.) 


Thermal Detectors. A bolometer responds to incident 
radiation by warming when the radiation is absorbed. (19, 
20, 21) This slight heating manifests itself as a change in 
resistance which is detected by measuring the change in 
voltage across a load resistor in series with the bolometer 
strip and a battery. A metal, a semiconducting flake, or a 
dielectric can be used as the sensitive element in a bolom- 
eter. Another possible modification is the superconducting 
bolometer. This device utilizes the very large temperature 
coefficient of resistance in the region of the superconduct- 
ing transition temperature of the metal forming the ele- 
ment. 

Various factors must be considered in designing bolom- 
eters. To attain high responsivity, low thermal losses are 
necessary, a condition which operates in the wrong direc- 
tion for the realization of rapid response times. Some im- 
provement in the response time can be achieved while still 
retaining the responsivity by maintaining the heat capacity 
of both elements and blackening material at a minimum. 
For this reason, thin elements (about 10 ,» or less) and 
thin absorbing coatings are generally used (consistent with 
maximum absorption of the radiation). Proceeding in the 
direction of ultra-thin elements, however, will eventually 
produce a lowering of the sensitivity due to two effects. 
First, the noise output of the element will rise because of 
the increase in its resistance. Second, for metal bolometers 
there is experimental evidence that the temperature co- 
efficient of resistance decreases in magnitude as the strip 
is made thinner. As a consequence, the signal voltage is 
diminished inasmuch as it is proportional to the tempera- 
ture coefficient of resistance. These two effects—respon- 
sivity and speed of response—interact very strongly in all 
thermal detectors, as may be seen in Table V. 

It appears that metal bolometers operated at ultra-low 
temperatures show promise of faster response without con- 
sequent loss of responsivity. This is due to the fact that 
the thermal heat capacity of materials decreases as the 
temperature is decreased. There is no experimental data 
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Table V—Comparison of Thermal Detectors for a Bandwidth of 1 cps 


Detector 
temperature, 
deg K 


Detector 
(* = calculated) 


Ideal radiation 
thermocouple* 300 
Semiconductor 
thermocouple: fast 300 
slow 300 

Metal thermocouple 300 
Ideal bolometer* 300 
Nickel bolometer 300 
Thermistor bolometer 300 
Aluminum bolometer* 300 
5 
5 





Superconducting 
bolometer 14. 
Pneumatic cell 300 





on metal bolometers operated at low temperatures except 
for the superconducting bolometer. Despite its excellent de- 
tectivity and time constant, the latter device must at present 
remain a laboratory research tool because of the need for 
good temperature stability due to the narrowness of its 
range of operation. 


The Radiation Thermocouple. The radiation thermo- 
couple is actually a thermoelectric generator, operating on 
the well-known principle that, when a circuit consisting of 
two different materials has the two junctions maintained 
at different temperatures, an emf is developed in it. (22) 
This is called the Seebeck emf and its rate of change with 
temperature is the thermoelectric power, the latter being 
of the order of magnitude of microvolts per degree in 
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J 
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, 
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metals and hundreds of microvolts per degree in semi- 
conductors.t 

The design considerations are fairly similar to those of 
the bolometer. In addition, there is a useful figure of merit 
governing the noise equivalent power (P,,) and offering a 
clue to the choice of materials to be used in the thermo- 
couple. It is the ratio of the thermoelectric power to the 
square root of the product of the thermal conductivity and 
electrical resistivity, Q/(wp)'/?. In semiconductors it is 
possible to vary the resistivity over a large range without 
drastic effects on the thermoelectric power. One then seeks 
to find compounds which have a small thermal conduc- 
tivity. The thermal conductivity decreases as the atomic 


+ See “‘Thermoelectric Effects,"" ELECTRICAL MANUFACTURING, February 1960, 
p 103. 
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Fig. 31—Detectivity of several radiation detectors. 
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weight of the compound increases. In this way one is led 
to the fabrication of particular compounds. Especially at- 
tractive are semiconducting compounds of the group VB 
and VIB elements of the periodic table. 

Unlike the bolometer, the radiation thermocouple loses 
its sensitivity at low temperatures where its speed of re- 
sponse exhibits a marked increase. This is a result of the 
decrease in thermoelectric power at low temperatures. At 
present it appears that the radiation thermocouple has 
reached a very advanced form of development and there 
is no simple way of making it respond faster without 
serious degradation of its noise equivalent power. 

The pneumatic cell detector is basically a gas thermom- 
eter in which the added pressure of the heated molecules 
produces a deflection of a flexible membrane. (23) The 
great sensitivity attainable with this cell is due to its 
unique, ultra-sensitive method for measuring small dis- 
placements of the membrane. Experimentally, it has been 
found that the detectivity is 5.3 >< 10°, with a time con- 
stant of 20 millisec. It is estimated that if the cell were 
truly limited by photon noise (fluctuations in the stream 
of incident radiation), the detectivity would be 5.3 10°. 
Thus, insofar as sensitivity is of importance, the pneumatic 
detector, which is limited by temperature fluctuations, 
leaves little to be desired. It does not seem too likely that 
this detector, with its delicate detecting system, will find 
much use outside the laboratory. 


Photodetectors. In a photoconductor, the absorbed radia- 
tion promotes electrons and/or holes into states in which 
they are free to conduct. This is a quantum effect, and the 
energy of the incident photon must at least match the 
energy gap of the material for an appreciable transition 
probability to exist. If the material possesses a forbidden 
energy gap, E,, it will exhibit no response to wavelengths 
longer than A, given by A,, he/E,, where h is Planck's 
constant and c is the velocity of light. This excitation 
process is the basis of operation of intrinsic and impurity 
photoconductors. In the former, electron-hole pairs are 
created, both carriers contributing to the conductivity. In 
the latter, electrons are excited from donor levels (n-type) 
to the conduction band or holes from acceptor levels 
(p-type) to the valence band. This changes the resistance 
of the photoconductor. The photosignal is usually read off 
as the voltage drop which this incremental current pro- 
duces across a resistor placed in series with the photocon- 
ductor and battery. 

Up to the last few years, a large percentage of research 
on infrared photodetectors has been on photoconducting 
thin films of the lead salt family—lead sulfide, lead tel- 
luride and lead selenide. The impetus to prepare photo- 
detectors from these materials came from the extensive 
study devoted to them by German workers during World 
War II. The nature of these materials has so far made it 
impossible to obtain the purity necessary for observation 
of the photo effect in single crystals. It is therefore neces- 
sary to employ a sensitization procedure. For PbS and 
PbTe cells to obtain high sensitivity with good spectral 
response, heat treatment in an atmosphere of oxygen is 
essential. 

In PbTe, oxygen acts as an impurity, removing charge 
carriers from the thin layer. In addition, it undoubtedly 
forms compounds with the lead and tellurium atoms of the 
film, thereby making an analysis of the results difficult. 
Lead-salt film photoconductors span the range 1 to 8 
microns and exhibit superior detectivity and very rapid 
response (~1 microsec), but they are difficult to fabricate 
with reproducible properties. Accordingly, there has been 
a great deal of interest evoked in the bulk-type photocon- 
ductors. They represent excellent competition for the lead- 
salt family over the same wavelength range, as may be seen 
from Fig. 31. (J8) 
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In 1952, attention was directed to binary compounds 
formed from elements of Columns III and V of the peri- 
odic table—the intermetallic compounds. This triggered 
research efforts in the direction of new and exotic com- 
pound semiconductors. At present, compounds of the form 
A."BIY, A™BY, A,Y8B.YIB, AUBY! have been grown in 
single crystals and investigated for their electrical and 
optical properties. Of these, the A™'BY compounds have 
been investigated most extensively, particularly InSb, with 
its high electron mobility and small forbidden energy gap. 
This material is used as an intrinsic photoconductor, a 
photo-voltaic cell and a photoelectromagnetic (PEM) cell. 
In order to achieve sensitivity, it must be operated at liquid 
nitrogen temperature. Its speed of response is less than 1 
microsec and it exhibits sensitivity out to 5.5 » when cooled 
to 78 K. The bulk photoconductors, of which InSb is just 
one, offer distinct advantages over the film photoconduc- 
tors, which are mechanically frail and show irreversible 
loss of sensitivity if exposed to high temperature ambients. 

In the case of intrinsic photoconductors, one looks for 
small-energy-gap elemental or compound semiconductors 
to extend response toward longer wavelengths. However, 
small charge carrier activation energies can also be 
achieved by suitable doping of semiconductors which have 
a large energy gap. In this respect germanium and silicon 
have been studied most extensively. The data on impurity 
activation energies in germanium and silicon are summar- 
ized in Figs. 19 and 20; the capital letters associated with 
each level indicate whether it exhibits donor (D) or ac- 
ceptor (A) action. While Column III and Column V im- 
purities have smaller activation energies, they have one 
disadvantage—liquid-helium temperatures are necessary to 
observe their photoconductivity. This is a rather serious 
drawback because of the temperature involved and _ be- 
cause of the relatively large effect of background radiation 
which can increase the dark conductivity and thereby de- 
grade responsivity. Insofar as a more readily workable 
temperature range is concerned, the transition element and 
noble-metal impurity levels are more interesting. For ex- 
ample, a photoconductor of gold-doped germanium will 
exhibit a high responsivity at liquid nitrogen temperature 
because most of the levels are un-ionized. Experimentally, 
an unfortunate feature of the transition elements is their 
small solid solubility (around 10'° per cu cm) in crystals 
grown from the melt. This has a deleterious effect on the 
responsivity, which is directly proportional to the number 
of uncompensated impurity levels. In order to observe im- 
purity photoconductivity, the desiderata are a low enough 
temperature so that almost all the uncompensated acceptors 
are un-ionized (in effect, large absorption coefficient) and 
small free-carrier concentration (large dark resistivity). 
This may be seen if the expression for the signal voltage 
of a photoconductor is examined. 

When radiation within the spectral sensitivity range 
falls onto the detector, the charge carriers liberated from 
neutral atoms or ions remain free for a time and then 
recombine with the same or with other atoms. This time is 
referred to as the lifetime of a carrier, 7, and it determines 
the time constant of a detector. The equilibrium concen- 
tration of charge carriers in the presence of radiation is 
greater than the concentration in the absence of radiation 
(dark carrier concentration) and a decrease of cell re- 
sistance results. The change in voltage across the load re- 
sistor R,, in Fig. 32a is the signal voltage V, and is given by 


_  VoRLR. AR, 
~ (Re + Ry 


Ss (68) 
where R,, is the sample resistance. 

Now, AR,/R, = Ao/o == AN/N where ao is the elec- 
trical conductivity and N is the number of free charge 
carriers per cu cm. The quantity AN represents the change 
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Photoconductor 


Incident 
illumination 


Fig. 32—Schematics of photoconductivity circuit (a) and PEM 
experimental arrangement (b). 


in the concentration of charge carriers under the influence 
of radiation. Further, for the case of uniform low-level il- 
lumination over the sample and neglecting trapping and 
diffusion effects, we may write AN == fr where f is the 
volume excitation rate of charge carriers (number/cu 
cm-sec). Thus, Eq (68) becomes, for the case of sinusoidal 
modulation of the incident light at an angular frequency o, 


oo VoR Ry fo 
~ (Ro + Rt)’ NQ + «’2’)'” 


Vs (69) 
where f, is the rms value of the carrier generation rate. 
From Eq (69) it is readily seen that a large signal is as- 
sociated with large + and small N. 

The dependence of N upon temperature is exponential 
and is such that N decreases as the temperature is de- 
creased. The lifetime, 7, exhibits a much weaker tempera- 
ture dependence and also decreases with decreasing 
temperature, indicating that, by cooling, the responsivity is 
increased without loss of speed of response. The decrease of 
N as the temperature is lowered reaches a lower limit 
beyond which decreasing the temperature of the coolant 
has no effect upon N. However, when this point is reached, 
the signal, while relatively insensitive to coolant tempera- 
ture, is strongly dependent upon the temperature of the 
background which the sensitive element sees. The detector 
is then background limited. 

The limitation to the smallest incident radiant power 
which can be detected will be set by the dominant noise 
present. The nature of the noise is such that it is deter- 
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mined by fluctuations in the generation and recombination 
rate of charge carriers and represents essential noise (in- 
herent in the material). The rms noise voltage for Af == 1 
is given by 


1/2 
2V,R.R, T 1 
Ve? oh aw 7 2_2\% 
(R.+RiY\N] CO +e"? 
and the signal-to-noise ratio 


(71) 


is independent of the bias voltage. For several reasons this 
may not be the case in practice where, for large bias volt- 
ages, non-essential noise having its origin at the contacts 
will predominate over generation-recombination noise. At 
low bias voltage, amplifier noise may exceed detector noise 
and thus limit its performance. 

In Fig. 33 is shown the construction detail of the dewar 
cell and sample mounting used in the operational Raytheon 
p-type Ge:Au QK 748 detector. The rear face of the de- 
tector is sloped to produce multiple reflections within the 
detector volume since the absorption coefficient for im- 
purity photoconductors is small (~0.1 cm-). 

The photoelectromagnetic (PEM) cell is one photode- 
tector which shows good detection characteristics even at 
room temperature. The PEM effect is observed when a 
slab of semiconductor illuminated perpendicularly to one 
of its surfaces is placed in a magnetic field perpendicular 
to the direction of illumination. An emf appears in the 
third perpendicular direction (Fig. 32b). 

The charge carrier generation is by intrinsic excitation 
across the energy gap creating electrons and holes. The 
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Fig. 33—Raytheon operational p-type Ge:Au infrared detector. 
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magnetic field causes these oppositely charged carriers to 
move to opposite ends of the crystal, where electrodes are 
attached. It is possible to measure the open-circuit voltage 
or short-circuit current. In a material such as InSb, which 
has very low impedance at room temperature, the open- 


List of Symbols 


(in order of occurrence in text) 


- frequency of radiation 
= wavelength of radiation 
energy 
= Kelvin temperature 
= Planck’s constant 
= wave number 
velocity of light 
— Boltzmann’s constant 
= solid angle 
total emissivity 
spectral emissivity 
reflectance 
= absorptance 
transmittance 
first Planck radiation constant 
second Planck radiation con- 
Stant 
— Stefan-Boltzmann constant 
wavelength of maximum radi- 
ant emittance 


amplifier. 


\' == wavelength of maximum pho- 
ton emission rate 


N(Q\,7) = rate of photon emission 


(no/sec-cm?) 
«x = dielectric constant 
Ky = Static dielectric constant 
x ,.- high-frequency dielectric con- 
stant 
o = electrical conductivity 
o, — d-c electrical conductivity 
n = real part of index of refraction 
k = extinction coefficient (imagi- 
nary part of index of refrac- 
tion) 
a(\) = absorption coefficient 
R(\) = reflection coefficient of a single 
sample-air interface 
= angular frequency 
7+ = charge carrier relaxation time 
e = electronic charge 
m* = effective mass of electron 
€, = permittivity of free space 
N = number of free electrons per 
unit volume 


w=: 


circuit voltage is measured. The PEM cell achieves its ex- 
cellent detectivity by being a low-noise cell. In this respect 
it necessitates low-noise amplifiers or else the detectivity 
will be degraded when the detector signal is fed into the 


ooo 


m = mass of free electron 
M, = reduced mass of diatomic mo- 
lecule 
I= moment of inertia of a mole- 
cule 
+y == damping constant 
Eq = energy gap 
Ag = wavelength corresponding to 
energy E, 
y = mobility 
t = sample thickness 
38=angle of minimum deviation 
P, = d-c electrical resistivity 
V,= signal voltage 
= responsivity 
= noise equivalent power 
=rms noise to voltage 
— bandwidth 
= detectivity 
= thermal conductivity 
= battery voltage 
. == load resistance 
= sample resistance 
f, = rms carrier generation rate 
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“Details” Guide 
Small Motor Selection 


To fit a particular application, the detailed specification of this 
motor calls for it to be split-phase, 55-C rise, totally enclosed 
fan-cooled, and equipped with resilient mounting rings, ex- 


tended through bolts, extended oiler and sleeve bearings. 


In engineering the drives of fans and 
blowers and similar devices having com- 
mon industrial and consumer product ap- 
plication, the choice of motors and their 
complete specification is largely a matter 
of considering numerous inter-related de- 
tails, both mechanical and electrical. Ex- 
amples are given here of the all-important 
but often overlooked factors which de- 
mand specific attention for effective motor 


selection by the product designer. 


JOHN SMAXWELL 
GENERAL Evectric COMPANY 


dealing with “hardware”. The work to be performed 
by a motor is the basic purpose of the motor, so that 
mechanical details must be considered first. Electrical 
characteristics required to match the motor to the load 
must then be established, to complete the overall motor 
selection specifications. 

Shaded-pole and permanent-split capacitor motor en- 
closures vary from totally enclosed to fully open. Totally 
enclosed motors are used where water and other foreign 
matter may enter; open motors include designs with 
closed stator enclosures but open end shields and those 
having stator enclosures open. In most fan and blower 
applications it is advisable to enclose a shaded-pole or 
permanent-split capacitor motor as much as winding 
temperature limits will permit, since it is better prac- 
tice to run the motor with a slightly higher winding 
IN APPLYING and selecting motors, we are primarily 
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temperature and keep water and other materials out. 
Split-phase, capacitor-start and 3-phase motors are sup- 
plied in either drip-proof, totally enclosed, non-ventilated 
or totally enclosed, fan-cooled designs. Totally enclosed 
non-ventilated motors depend on the driven air flow and 
the thermal capacity of the motor to meet temperature 
limits. The totally enclosed, fai-cooled construction uses 
an auxiliary shaft-mounted internal fan with baffles to 
provide cooling. Severe-duty motors and explosion-proof 
motors for abnormal ambient conditions are other types 
of motor enclosure. 

Fan and blower motors are built with both sleeve and 
ball-bearing systems. Shaft-mounted or direct-drive ap- 
plications usually use sleeve-bearing motors. The ad- 
vantages of sleeve-bearing systems include quiet opera- 
tion, easier service and lower cost than ball bearings. 
3elt-driven fans and blowers can also use sleeve-bearing 
systems without loss of motor life up to certain limits 
of radial and thrust loads. These limits vary with motor 
designs. 

The shaft diameter of most motors is related to the 
motor diameter in accordance with NEMA standards. 
These standards recommend 14-in. diam for 48 frame 
and 54-in. diam for 56 frame motors. Shaded-pole and 
permanent-split capacitor motors in the NEMA 48 frame 
(514-in. diam) have %-in. diam shafts. 

Shaft lengths vary over a wide range in both single 
extensions and double extensions. Standard lengths 
recommended by the motor supplier are more readily 
available and cost less than special designs. Units which 
use double shaft extension motors should be designed 
to accommodate shafts of reasonable overall length. 
Long shaft extensions cannot carry fans and blowers 
weighing more than several pounds without danger of 
excessive runout; the bearing system and fan balance 
are important factors in determining the limit on shaft 
length or fan weight. Excess shaft stock protruding 
beyond the fan hub will corrode and make fan removal 
difficult. 

Fan and blower motors are available with various 
mounting provisions. Many devices with shaft-mounted 
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fans use extended motor clamp-bolt mounting. Base 
mounting is the most widely used method of attaching 
motors to air-moving equipment. Split-phase, capacitor- 
start and 3-phase motors are used with either solid or 
resilient base mountings. The allowable vibration deter- 
mines the type of base to use. NEMA standards list 48 
frame and 56 frame motor-base mounting dimensions. 


The shaft 


0 in 


in these standards is 
on the 48 frame and 3.5 in. 


height recommended 
on the 56 frame. 
Resiliently mounted bases should have electrical ground- 
ing provision across the rubber rings or a strap in ac- 
Shaded-pole 


and permanent-split capacitor motor bases are resiliently 


cordance with accepted safety practices. 
attached to the motor endshields, and there is little or 


no standardization in base heights or mounting-hole 
dimensions in these motors. 

The trend to more compact air-moving equipment has 
resulted in shorter motors, obtained by eliminating the 
bearing protrusion on die case endshields and using a 
belly-band arrangement to mount the motor. Isolation 
is obtained between the band and the motor or between 
the band and the unit chassis with rubber grommets. 
Band mounts offer a degree of standardization because 
many motors have the same diameters although their 
lengths vary. 

Electrical Details. Small direct-drive applications 
can be powered by shaded-pole or permanent-split capaci- 
tor motors, whereas belt-driven units and very large or 
heavy direct-drive units require the starting torque of 
split-phase, capacitor-start or 3-phase motors. Where the 
current input is critical, motor selection must be made 
on the split-capacitor 
motors have efliciency in the 50 to 60 per cent range as 


basis of efficiency. Permanent 
compared to 30 to 40 per cent for shaded-pole motors. 
This difference is considerable when expressed in terms 
of current and is one reason for the widespread use of 
permanent split-capacitor motors in residential air- 
moving equipment. 

In some applications, such as central air-conditioning 
equipment, the motor lead conductor size must be rated 
for one third of the current-carrying capacity of the 
input leads to the unit. Local codes in some cities and 


various standards specify that lead wires must be run 


Fig. 1—Motor with quick-connect terminal block, which elimi- 
nates the need for motors to have leads of various lengths and 
offers other advantages in equipment design, such as ready color- 
coding of leads and rapid installation and removal of the motor. 
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in conduit. Lead-wire terminals include the eyelet and 


quick-connect types, Fig. 1. 

Performance Details. The evaluation of fan-motor 
performance should include the determination of wind- 
ing temperature rise, ambient conditions, operating speed 


at various loads, current and power input and starting 
ability under load. Performance of motors in some appli- 
cations should be checked on both 60 and 50 cycle input. 
It is difficult to correlate 60-cycle tests to expected per- 
formance on 50-cycle power. Performance tests should 
include data at various voltages in addition to data at 
rated voltage. 

There are various methods of determining the wind- 
ing temperature rise of motors. Thermocouples can be 
used, or winding temperature can be calculated from 
cold and hot measurements of the winding resistance. 
The temperature of fan-motor windings must be limited 
to prevent fire hazard and to assure normal expected 
winding-insulation and lubrication-system life. The Na- 
tional Electric Code and NEMA have published infor- 
mation on the temperature limits of the different types 
of insulation systems. In addition to these limits, Under- 
writers’ Laboratories have published winding tempera- 
ture rise limits on fan motors for various applications. 
These winding temperature rise limits have been selected 
to minimize or prevent fire hazards; limits which will 
assure long, trouble-free life are generally lower and 
are dependent on the motor design. 

Automatic-reset thermal overloads used in fan motors 
are of the thermostatic type or the current-sensitive type. 
The thermostatic type basically consists of a bimetallic 
element with a contact. The current-sensitive type of 
overload protector also operates on the bimetal principle: 
the bimetal is heated by conduction from the winding 
and by a small resistance heater in the protector. Current- 
sensitive overload devices are used on motor ratings 
which have input currents exceeding the contact limit 
of thermostatic types. 

Fan-motor application tests should include a check of 
motor-winding temperature with the motor mounted in 
the actual equipment of its intended use. The fans or 
blowers should be mounted on the motor, and parts 
such as louvered panels or filters which contribute to 
fan load should be installed on the equipment. In this 
way. the motor will be operating under expected load 
conditions and air flow over the motor will be normal. 
Whether the winding temperature rise test is run with 
other unit components operating or not, the maximum 
expected motor ambient must be considered in evaluation. 

There are several ways to counteract high motor tem- 
peratures. The motor case can be provided with more 
ventilation holes if the application is one in which water 
and other foreign matter will not enter the motor. More 
ventilation can be provided by locating the motor more 
directly in the air stream, and by shortening the shaft 
extension to place a fan closer to the motor. Considera- 
tion should be given to baffling some of the air driven 
over the motor. Baffles increase fan restriction and there- 
fore will reduce air volume. 

Split-phase and capacitor-start motors are built in 
larger sizes and have internal ventilation systems to 
limit winding temperature rise. If the application of a 
special-service motor which is rated 50 C rise and unity 
service factor exceeds acceptable temperature-rise limits, 
a general-purpose motor will usually perform satisfac- 
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torily. The thermal capacity of general-purpose motors 
is higher than on special-service motors of the same 
rating because of longer stator stacking lengths, more 
extensive ventilation systems, or higher efficiency. This 
is why general-purpose motors are rated 40 C rise, have 
service factors and some are rated “no air over.” 

Application tests of fan motors can include noise-level 
tests. There are several sound-level meters available for 
comparative noise tests of motors. These tests should 
be made only in quiet rooms or areas. A more thorough 
investigation of motor noise levels will include an analysis 
of the sound level over the audible frequency range, 
using frequency-analyzing equipment. 

Motor Speed and Output. The selection of an 
operating speed for a fan and motor combination in- 
volves a number of factors. It is desirable to operate at 
or near rated speed of the motor, where the efficiency 
is maximum. The speed stability of a motor must also 
be considered. Loading a motor to a speed near the 
speed at which maximum torque occurs will cause wide 
variations in fan speed since production tolerances in 
both fans or blowers and motors produce variations. 
Voltage changes cause variation in motor output. In 
Fig. 2 a fan load curve is plotted on the speed vs torque 
curve of two fan motors. One fan motor is loaded near 
rated speed and the other has less output, so is operating 
at a lower speed. Plotting only the effect on fan speed due 
to +10 per cent voltage and neglecting the other vari- 
ables shows that the speed stability is better on the motor 
loaded near rated speed. This comparison also illustrates 
the difference in speed stability between a motor running 
on high speed and running on low speed. Loading the 
motor lightly improves stability, but there is a point at 
which winding temperature rise may reach the maximum 
limit. 

Assuming the fan motor will be operated at or near 
rated speed, there remain several other factors to be con- 
sidered. On direct-drive loads a choice must be made 
between 4, 6 or 8 pole speeds. If the fan and motor 
combination must deliver a specified air volume, it is 
likely that different diameters and blade pitches will 
deliver this volume of air at all three speeds. However, 
there are other limits—on the diameter or depth of fan, 
on the air-noise level and the velocity of the air. With 
speed held constant, air noise will normally increase with 
fan diameter. A motor can be designed to the output 
required to drive a certain fan at a speed which will 
deliver the specified air volume, or a fan can be pro- 
portioned to load a particular rating of motor to rated 
speed and deliver the specified air volume. In belt-drive 
applications, the speed of the fan motor can be selected 
with fewer factors to consider because the pulley ratio 
can be varied or changed to obtain the desired load 
speed. The optimum operating speed of the fan motor 
is an important aspect of the application here, too. The 
choice between 2- or 4-pole motors is many times based 
on cost. The higher speed of 2-pole motors also produces 
more vibration than 4-pole applications. 

Certain applications require multiple-speed operation. 
Year-round air-conditioners may require a different 
motor speed on cooling than on heating cycles. Room 
air conditioners have low-speed operation for night-time 
cooling, with lower air-noise level or a low speed for 
operation with resistance heaters. The air volume and 
velocity must be lowered on the heating cycle to allow 
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Fig. 2—Effect of operating point on speed stability with voltage 
variation, permanent-split capacitor motor. In curves “A” a 
motor is applied to drive a fan near rated speed, whereas in 


curves “B” another motor is applied to drive the same fan, but 
below the rated speed of the motor. 


the air to warm as it passes over the heaters. The num- 
ber of lower speeds and differential between speeds 
should be selected with the characteristics of the par- 
ticular motor design in mind. The motor should be able 
to start the load on all speeds, or a provision must be 
made always to start on the high speed. 

Another important point to consider in evaluating fan- 
motor performance is the maximum speed limit on per- 
manent-split capacitor motors. The voltage across the 
start winding increases as the load on the motor decreases. 
This is similar to transformer performance where the 
secondary voltage is maximum when the secondary is 
open or load current is minimum. As the voltage across 
the starting winding of the permanent-split capacitor 
motor increases, the capacitor voltage increases. Care 
should be taken to limit this voltage to the recommended 
value for the particular capacitor. Care should also be 
exercised to prevent this voltage from exceeding safe 
limits of the motor insulation system. 

There are factors to consider in applying a motor for 
use on either 230 or 208 volts. Motors with thermal 
protectors which are current-sensitive may meet locked- 
rotor temperature limits at only one voltage unless sup- 
plied with two protectors. This factor is important in 
applying thermally protected, dual voltage, 230/115 
volts, split-phase and capacitor-start motors. 

Starting Torque. A fan motor should of course have 
sufficient starting torque to start and accelerate the load 
under various expected conditions. The various condi- 

(Continued on page 172) 
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Specifying Dynamic Characteristics 


The proper operation of a feedback control system depends upon the 


dynamic characteristics of its component parts. For the system de- 


signer, specifying these characteristics is not always a simple task, 


particularly in the case of the magnetic amplifier. For high-perform- 


ance systems to operate under varying conditions of temperature 


or with variable source and load impedances, dynamic performance 


of magnetic amplifiers should be specified by means of a family of 


frequency-response curves with a parameter which is a function of 


internal and external impedances. 


HAROLD C, TRUEBLOOD 
RamMo-W OOLDRIDGE 
Los Angeles, California 


A FEEDBACK CONTROL SYSTEM is a dynamic structure 
capable of interacting with its environment in a_ pre- 
scribed manner. Under steady-state conditions, a given 
input signal will produce a specified outpui, usually with 
a large power gain. Any deviation of the actual output 
from the specified output is automatically corrected by 
means of a signal which is fed back to the system input 
from an output sensing element. If there is a change in 
the input control signal, an interval of time is required 
for a corresponding change to occur in the output, and 
there may be further delay before the feedback signal 
can initiate corrective action. These time delays, together 
with amplifier gains, must be given careful consideration 
by the system designer. Theoretically, a feedback con- 
trol system can be designed so that the output will follow 
the input control signal as precisely and rapidly as de- 
sired. Practically, the system performance is limited by 
the dynamic performance of the individual components. 

A feedback control system is composed of sensing 
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elements, comparison and computing elements, and am- 
plifying and power output elements. The component ele- 
ments all interact with one another. Each component re- 
quires a definite length of time to respond to a signal, 
and often the response time of a particular component 
will change if either the source or load impedance is 
changed. The response time is dependent also upon the 
internal impedance of the component, and if the internal 
impedance is changed, perhaps by a change in tempera- 
ture, then the response time will change. The total system 
must be designed and components selected in such a 
manner that the feedback signal from the output sens- 
ing element arrives back at the input in proper phase 
io be compared with the input control signal. If the 
feedback signal lags excessively, then the system will 
give an improper response; and, with sufficiently high 
amplifier gain, the system may go into violent oscillation. 

In order to build a stable, useful system, the designer 
of a feedback control system must know the dynamic 
characteristics of each component, and if more than one 
system is to be built, he must know also that the dynamic 
characteristics of a given type of component will remain 
within a stated tolerance range. If the dynamic specifica- 
tions of a component are inadequate, then the designer 
cannot be sure that his system will function properly 
under all operating conditions, and neither can he be 
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of Magnetic Amplifiers 


sure that two similar systems will work the same under 
the same operating conditions. The component speci- 
fications must give assurance of uniformity of static 
characteristics such as physical dimensions, power, and 
amplifier gain, and also uniformity of dynamic charac- 
teristics such as response time and the relation of out- 
put amplitude and phase to input signal frequency. 

The dynamic specifications of each component should 
be of such a nature that the system designer can know 
the dynamic effects of loading both the input and the 
output of individual components. He then can select 
components which will work together in a compatible 
manner with a minimum amount of trial-and-error com- 
pensation. With complete information on the dynamic 
characteristics of each component, a feedback control 
system can be fully designed to remain stable and yield 
the desired performance under all operating conditions 
and to require minimum adjustment after manufacture 
and after replacement of any component. 

There are some components the specifications of which 
are relatively simple and straightforward. Other com- 
ponents, however, require specifications which are much 
more difficult to write, particularly in regard to dynamic 
characteristics. A magnetic amplifier is an example of 
this latter class of components. 

Definitions. A magnetic amplifier is a device which 
controls the voltage to a load by means of one or more 
saturable magnetic cores. An a-c power supply is re- 
quired and the voltage to the load may be either a-c or 
d-c. The material chosen for a saturable core is one 
which exhibits a rectangular hysteresis loop so that the 
transition from the unsaturated to the saturated state 
can occur very abruptly. During one half cycle of the 
a-c power supply voltage (reset), current through a 
control winding establishes an initial flux level in the 
core. During the subsequent (gating) half-cycle, the 
a-c power-supply voltage is applied to the load winding 
and to the load connected in series. During the first 
portion of the gating half cycle, the unsaturated im- 
pedance of the load winding is very high compared to 
the load, so that practically all of the power supply 
voltage appears across the load winding on the magnetic 
core and no voltage appears across the load. After a 
certain interval of time, the core abruptly saturates, 
which causes the impedance of the load winding (now 
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mainly resistive) to become very low, allowing prac- 
tically all of the power-supply voltage to appear across 
the load. During the next half cycle, the flux level within 
the core is reset to a predetermined value and the process 
is repeated. If the flux level is reset a large amount, 
the core will not saturate until nearly the end of the 
gating half cycle and the output to the load will be nearly 
zero. If the flux level is not reset at all, the core will be 
saturated from the beginning of the gating half cycle 
and the output to the load will be maximum. 

A magnetic amplifier is a carrier-frequency device in 
which the carrier voltage is applied to the load for a 
controlled fraction of a half cycle. The output of the 
amplifier is discontinuous and is most easily expressed 
in terms of half-cycle average values. 

There are many types of magnetic amplifiers with 
varying degrees of complexity. The simplest is a single- 
core device which gives a half-wave output. Among the 
more complex are four-core devices which give a full- 
wave, reversible-phase output and which have various 
feedback loops to minimize differences in core material, 
maximize input impedance, minimize drift, and maxi- 
mize speed of response. 

The minimum time in which a magnetic amplifier 
can respond fully to a signal is one half cycle; that is, 
if an input signal occurs during any particular half 
cycle, the amplifier cannot respond until the next half 
cycle. The actual time required for a given percentage 
response is often much longer. In some high-gain am- 
plifiers, the response time may be as long as many tens 
of cycles of power-supply voltage. 

The response time of a magnetic amplifier is dependent 
upon the amplifier circuitry, the magnetic core material, 
the temperature and various impedances such as the 
forward and reverse resistance of the rectifiers, the d-c 
resistance of the windings, the signal source impedance 
and the load impedance. Since the operation of a mag- 
netic amplifier is inherently based on a non-linear phe- 
nomenon, precise analysis is very difficult. However, in 
spite of the non-linearities, methods based on a quasi- 
linear, average value type of analysis are available (1-8) * 
for analyzing and describing the dynamic characteristics 
in a manner suitable for use in specifications, 


* Italic numerals in parentheses refer to Cited References at end of article 





Frequency Response. A relatively simple way to 
describe the dynamic performance of a magnetic ampli- 
fier is to show how the ratio of output to input average 
value of voltage (or current) changes with respect to 
input-signal frequency, and also how the difference in 
phase between the output and input signals changes with 
respect to input-signal frequency. These frequency-re- 
sponse curves (amplitude and phase) may be drawn 
from experimental data obtained by standard methods. (J ) 
In some control applications, the dynamic characteristics 
of a magnetic amplifier may be adequately specified by 
a set of frequency-response curves at rated load. 
Another 
length of time required for a sudden change in ampli- 


simple description is a statement of the 


Fig. 1—Series saturable reactor. (a) Circuit diagram with com- 
ponent saturable transformers represented in equivalent-circuit 
form. (b) Block diagram, [Taken from Reference (3).] 


tude of an otherwise steady input signal to produce a 
given percentage response (usually 63 per cent) in the 


output amplitude. The discontinuous nature of the out- 
put plus an inherent delay during the first half cycle 
make the “response time” of a magnetic amplifier of 
limited value. However, in some control applications 
where the response time is relatively long (many cycles 
of power supply voltage), a statement of the maximum 
response time at rated load may be adequate. 

Feedback control applications in which a magnetic 
amplifier is used in a “tight” servo loop with high gain 
and fast response and where the components may experi- 
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Fig. 2—Full-wave center-tapped magnetic amplifier circuit with 
component saturable transformers represented in equivalent 
circuit form. [Taken from Reference (2).] 


ence a variation in temperature require a much more 
comprehensive set of dynamic specifications. For ex- 
ample, a magnetic amplifier used in the control system 
of an aircraft, a missile, or an atomic reactor may ex- 
perience a wide variation of temperature. The changing 
thermal environment changes the internal impedance of 
the amplifier and also changes the source and load im- 
pedances. The dynamic response of the amplifier must 
then be stated as a function of each impedance. Also, in 
order to make the control system reproducible, the dy- 
namic response of one amplifier compared to another 
of the same type and under the same conditions must be 
limited to a stated tolerance range. 

A complete description of the dynamic performance 
of a magnetic amplifier may be presented by means of 
a set of generalized performance curves obtained ex- 





Fig. 3—Full-wave magnetic amplifier with external voltage feed- 
back. [Taken from Reference (2).] 
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perimentally and ‘or theoretically. A completely empirical 
method would obtain a number of sets of frequency- 
response curves, each at a different value of external 
impedance. From these data, one can obtain the rela- 
tionship of dynamic response to source and load im- 
pedance. The effect of temperature can be determined 
by obtaining sets of curves at different temperatures. In 
order to obtain the probable tolerance range, similar 
curves for a number of magnetic amplifiers may be 
compared. 

This empirical method, to be practical, would require 
an automatic device to trace the curves. The chief value 
would be in testing amplifiers which are already built. 
Since the effects of core loss, resistive loss, magnetic 
coupling, and electrical coupling cannot be clearly iden- 
tified, this method would be of relatively little help to 
a component designer in designing a magnetic ampli- 
fier to a given set of specifications. Such a design, by 
purely empirical methods, would require extensive trial- 
and-error building and testing. This method also would 
be of little help to a component manufacturer in indicat- 
ing what methods to use to reduce the number of rejects. 


Fig. 4—Block diagram for full-wave magnetic amplifier. [Taken 
from Reference (2).] 


One of the major problems in manufacturing a magnetic 
amplifier is how to specify the magnetic-core material 
so that the dynamic response of the completed amplifier 
will remain within specifications over an extended range 
of temperature and/or over an extended range of source 
and load impedance. In order to establish the core 
specifications, extensive trial-and-error testing of com- 
pleted amplifiers would be required. 

Generalized performance curves of a magnetic ampli 
fier may be derived also by purely analytical or graphical 
methods. Since the output waveform of a magnetic am- 
plifier is discontinuous, computations using instantane- 
ous values of voltage and current must be from one 
point of discontinuity to the next. The amplifier output 
for a given input can be found by computing or by con- 
structing graphically the output waveform for one half 
cycle of power-supply voltage and then measuring the 
area under the waveform. This process can be repeated 
for successive half cycles after a step-function input in 
order to determine the response time, and it can be 
repeated for successive half cycles during a_ steady 
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sinusoidal input in order to determine the frequency 
response of the amplifier. To determine the relationship 
of dynamic performance to certain impedances would 
multiply the computations many times. This method has 
little practical value, partly because of the complexity 
of the computations, and partly because it involves as- 
sumptions in regard to magnetic-core losses and the 
transition times from the unsaturated to the saturated 
state. These assumptions may lead to errors in the com- 
puted frequency response. 

Block-Diagram Construction. A more useful method 
of deriving the generalized performance curves is a 
combined analytical and experimental approach such 
as that developed by R. M. Hubbard. (2, 3) In this 
method, a block diagram is constructed for a magnetic 
amplifier as if it were a feedback control system. The 
block diagram (illustrated in Figs. 1-4 together with 
the circuit diagrams) shows the interactions among the 
various windings, the intrinsic and extrinsic feedback 
loops, and the internal and external impedances. By 
using one half cycle of power-supply voltage as the 
minimum interval of time and by expressing voltages 
and currents in terms of half-cycle average values, the 
dynamic characteristics can be analyzed as if the am- 
plifier were a linear-feedback control system. 

The half-cycle average method of analysis is valid 
when the magnetic amplifier is followed by a system 
having the characteristics of a low-pass filter. Due to 
the assumption of zero load current at the end of each 
half cycle of power-supply voltage, the method is not 
valid for highly inductive or highly capacitive loads. 

The only time-dependent quantity in the block dia- 
gram is a half-cycle delay, e-?’ (Laplace notation, with 
T = time for one-half cycle of supply voltage and p = 
complex frequency variable), which satisfies the require- 
ment that the change in magnetic flux required to satu- 
rate a core during any half cycle is equal to the amount 
of flux reset during the previous half cycle; or, expressed 
in other terms, the average gate voltage during any 
half cycle must equal the average reset voltage during 
the preceding half cycle. 


Phase angle,deg 


° 1.0 ) 50 100 
Normalized frequency, w/wo 


Fig. 5—Comparison of experimental operation with theoretical 
operation for the series saturable reactor. [Taken from Refer- 
ence (3).] 
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Fig. 6—Comparison of experimental operation with theoretical 
operation for the self-saturating magnetic amplifier with in- 
trinsic feedback. 
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function for self-saturating magnetic 
amplifier with a single control winding (from R. M. 


Hubbard) : 


Transfer 
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where AE, is the change in average load voltage. 

The value of A, can be found by empirical meas- 
urements of E, and the average control voltage E, 
or the average control current 7, under steady state 
conditions: 


A, = K (N./N,) + 1 
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Fig. 7—Comparison of experimental operation with theoretical 


operation for the self-saturating magnetic amplifier with ex- 
trinsic feedback. 


By means of the time-dependent quantity and the re- 
lationships shown by the block diagram, one can derive 
a mathematical expression called a transfer function 
which gives the output of the amplifier as a dynamic 
function of the input (see Appendix I). The transfer 
function can be more easily visualized if it is transformed 
into a set of frequency-response curves (amplitude and 
phase) as shown in Figs. 5, 6 and 7. 

Included in the transfer function is a parameter A, 
which lumps together into a single linearized quantity 
the magnetic characteristics of the core, the control to 
load winding turns ratio, and the internal and external 
impedances. It is subject to some error because of the 
different modes of operation associated with wide changes 
in input circuit impedance, but this error has been found 
to be surprisingly small. 

The value of A, is determined by the particular class 
of magnetic amplifier and by certain impedances which 
can be measured. In a self-saturating magnetic ampli- 
fier which, due to the interaction between the two series- 
connected control windings, is characterized by an 
intrinsic positive feedback, 


where 


and 


R’ = half-cycle average excitation impedance of one 
of the two saturable transformers referred to the 
control winding 

R = half-cycle average excitation impedance referred 

to the load winding 

R.. = total series resistance in the control circuit 

¢ == number of turns in control winding 


N 
N, == number of turns in load winding 


In a self-saturating magnetic amplifier with extrinsic 
voltage feedback, 
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where 

A, == external feedback amplification factor, or 
ratio of output voltage to feedback voltage 
times turns ratio 


_ (NV e& Ne \f Ri + re \f é. 
GE) en NE) 
load resistance 
resistance of load winding plus the forward 
resistance of the rectifier 
+) == half-cycle average output voltage 
€, = half-cycle average feedback voltage 


e, = half-cycle average load voltage 


In a series saturable reactor [where R can be neglected 
if R a > (R, t 


ry) ]: 


° i 
Ay + 
9 


A, = 


where 


a — iNe/ ND (Ra, +70) 
- R. 


The numerical value of R or R’ can be determined 
experimentally. One method of finding R’ is to apply 
an a-c voltage (power-supply frequency) across the con- 
trol winding and measure the half-cycle average voltage 
and the half-cycle average current. The electromotive 
force E across the control winding is equal to the ap- 
plied voltage minus the resistive voltage drop due to 
the current flowing through the winding. The magne- 
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The value of R or R’ can be determined by em- 
pirical measurements on a completed amplifier 


under steady-state conditions. For example, in a 
self-saturating magnetic amplifier with a single 
control winding and with intrinsic positive feedback 


(from R. M. Hubbard): 
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tizing current /,, is equal to the measured current in 
the control winding if all other windings on the core 
are open-circuited. Measurements can be made for 
several values of voltage and the results can be plotted 
to show the relationship between E and /,,. When meas- 
ured from zero to any given signal level, 


Pee 
Im 


and when measured from one signal level to another, 


os 
ll 


Another method of finding R or R’ is to measure the 
static gain of a completed amplifier and then substitute 
this empirical measurement into an appropriate mathe- 
matical expression (see Appendix II). 

The value of R’ is dependent upon the magnetic-core 
material, the dimensions of the core, the number of 
turns of wire in the control winding, the temperature, 
the power-supply frequency, and the amplitude of the 
signal. 

The effect of R or R’ on the dynamic performance of 
a magnetic amplifier depends upon the particular cir- 
cuitry. In amplifiers such as the self-saturating magnetic 
amplifier with intrinsic feedback, the dynamic charac- 


teristics are very sensitive to the value of R’, while in 
other types of amplifier, particularly those with external 
feedback loops, the effect of R’ may be relatively small. 

The block-diagram method of analysis has been 
checked experimentally for a series saturable reactor 
and for self-saturating magnetic amplifiers with intrinsic 
feedback and with extrinsic feedback. A comparison 
between theoretical and experimental performance (‘“‘fun- 
damental” frequency response) is shown in Figs. 5, 6 
and 7, respectively (from R. M. Hubbard). The excellent 
correlation between the theoretical and experimental 
operation is somewhat hidden by plotting against normal- 
ized frequency, since in reality the family of curves 
with A, as a parameter is spread widely over the real 
frequency scale. The normalized frequency is w/w,, and 
the real frequency is 


where 
signal frequency (radians/sec) 
== “break” frequency, or that frequency at which 
the phase shift is 45 deg 
= carrier frequency (power-supply angular fre- 
quency ) 


For a series saturable reactor (3) (Fig. 5), 


C 


and for a self-saturating magnetic amplifier (2) (Figures 


6 and 7), 
ot bY. «af See 
— = | — }sin — 
We 2n 





l and A, 


by approximately one decade on the real frequency scale. 


Thus, the curves for A 10 are separated 

Let a system designer be given a set of generalized 
curves showing the dynamic characteristics of a mag- 
netic amplifier and let him also be given an expression 
for f 


(The internal impedance measurements include the d-c 


and measurements of the internal impedances. 


resistance of the windings, the forward and reverse re- 
sistance of the rectifiers, and the dynamic resistance of 
the magnetic cores or the E-/,, curve). The system de- 
signer can then fill in his own values of load and control- 
circuit impedance and determine the numerical value 


of A,. When A 


termined and the phase and amplitude relationships are 


is known, the break frequency is de- 
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extrinsic amplification factor 
intrinsic amplification factor 
- generalized amplification factor 
average steady-state bias voltage 
half-cyele average control voltage 
average steady-state control voltage 
half-cyele average external feedback vollt- 
age 
half-eyele average gate voltage across load 
winding 
half-cycle average gate voltage referred to 
control winding 
half-cycle average load voltage (across R, ) 
half-cycle average output voltage [across 
(R, + 1,)] 
average steady-state output voltage 
half-cycle average reset voltage across load 
winding 
half-cycle average reset voltage referred to 
control winding 
average rectified supply voltage 
frequency-variant portion of transfer func- 


tion KG(p) 


half-cycle average current in control wind- 
ing 

static voltage gain associated with transfer 
function KG(p) 

reciprocal of external feedback gain (ratio 
of load voltage to feedback voltage) 
number of turns in control winding 

number of turns in load winding 

complex frequency variable 

average excitement impedance of saturable 
transformer referred to the load winding 
average excitation impedance of saturable 
transformer referred to the control winding 
- total series resistance in control circuit 
load resistance 

resistance of load winding plus the forward 
resistance of the rectifier 

time for one half cycle of supply voltage 
signal frequency in radians per second 
supply frequency in radians per second 
“break frequency,” or frequency for 45-deg 
phase shift 


determined. Thus, the dynamic performance of a mag- 
netic amplifier can be specified by means of a family 
of curves with a single lumped parameter, a mathe- 
matical expression for that parameter, and a set of 
impedance measurements. 

Once a set of generalized performance curves has been 
derived for a particular design of magnetic amplifier, 
then one can specify the performance of any amplifier 
of the same design and under the same operating con- 
ditions by specifying the values and tolerances of the 
internal impedances. The dynamic characteristics of a 
completed amplifier can be checked by measuring the 
static gain (see Appendix I). Since impedances usually 
are known functions of temperature, one can predict 
the static gain and the dynamic characteristics of a mag- 
netic amplifier at any given temperature. Also, since 
external impedances are included in the parameter A,. 
one can predict the static gain and the dynamic charac- 
teristics of a magnetic amplifier at other than its rated 
load and its rated signal source impedance. This pre- 
dictive capability enables one to design a feedback con- 
trol system which will remain stable and yield the de- 
sired performance under conditions of variable tem- 
perature, variable load impedance and variable signal 
source impedance. 

Conclusions. If a magnetic amplifier in a feedback 
control system is to be used only at a given temperature 
and at rated load, then the specification of dynamic 
limited to 
curves with tolerance limits, or, if the response time is 


characteristics can be frequency-response 
very long, to a statement of the maximum response time. 
However, if a magnetic amplifier in a high-performance 
feedback control system is to be used under conditions 
of variable temperature and/or variable source and 
load impedances, then the dynamic characteristics should 
be specified by means of a family of frequency-response 


curves with a parameter which is a function of internal 
and external impedances. ) 
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-Powder-Metallurgy Parts— 
Their Advantages in Design 


A definition of powder metallurgy, its applications in the design of electrical and electronic 


components, with specific illustrations in practical design. The properties, advantages and de- 


sign parameters of powder-metallurgy products are shown and illustrated. 


Properties and Techniques 


HAROLD E. BARKAN, 


Associate Editor 


POWDER METALLURGY is a process for forming metal parts 
by compacting metal powders to a certain shape and 
size and then sintering the compact at elevated tem- 
perature, below the melting point of the main component, 
in order to obtain a material of the desired physical 
properties. Table I lists factors affecting the sintering 
process. 

The sintered 


properties of metal-powder compacts 


Table I—Factors Affecting Sintering Process 


A. Material factors: B. 


crystal structure 
diffusion coefficient 
melting point 
density 


Particle factors: 

method of fabrication 
particle shape 

particle surface conditions 
particle size 


. Compacting factors: . Sintering factors: 


compacting pressure 
compacting temperature 
duration of compacting 
compacting speed 
compacting atmosphere 


sintering temperature 
time at temperature 
sintering atmosphere 
rate of heating 

rate of cooling 
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depend on the type of metal powders, their process of 
fabrication, particle size and shape, on the compacting 
conditions, and the variables of the sintering process. 
Compacting is usually done at room temperature in air; 
in case the powder reacts with air at this temperature, 
compacting has to take place in a protective atmosphere. 
Tables II and III show properties of some powder-metal- 
lurgy materials. Compacting in vacuum is not common 
because it is complicated and expensive, although vacuum 
compacting offers some advantages; in this way gases 
adsorbed from the powder particles can be removed to 
a certain extent. During compacting at higher pressures, 
vacuum compacting offers the further advantage of re- 


Advantages of Powder Metallurgy 


2. Production: 
mass production process 
fewer operations 
no scrap loss 
cost reduction 
minimum machining 
minimum finishing. 


1. Applications properties: 
close tolerances 
density control 
weight control 
high wear resistance 
self lubrication 
parts may be plated 
parts may be hardened. 





Table tl—Properties of Some Powder-Metallurgy Materials* 


a issih tt TED 


Zinc Aluminum 


alloys 


Property alloys 
41 ,000—48 ,000 
31 ,000-—38 , 000 19 ,000 
7-10 2 
82-91 Bhn 


Tensile strength, psi 
Shearing strength, psi 
Elongation, per cent 
Hardness 


30 ,000—45 ,000 
28 ,000 


50-80 Bhn 


Brass 


64.70% Cu 
10.18% Ni 
1.50% Pb 
23.62% Zn 


7.91% Cu 
Magnesium 1.75% Pb 
alloys 20.34% Zn 


30 ,000-—33 ,000 

20,000 — 
1-3 10-27 

60-62 Bhn 50-76 Rh 


28 ,000-34 ,000 


26 ,000-36 ,000 


10-15 
78-81 Rh 


<_< LLL 


* Source: New Jersey Zinc ¢ 


moving entrapped air between the powder particles, per- 
mitting compacting to a greater “green” density than 
compacting in air or in a protective atmosphere. In 
general, however, the advantages of vacuum compacting 
are not enough to justify the high expense. 

During sintering, a material transport takes place 
from one particle to another, which results first in bond- 
ing and then in densification, recrystallization and grain 
growth. These are the main factors which determine 
the physical properties of the sintered product. Figure 
| shows the effect of temperature on sintering of beryl- 
lium. 

The combination of various metallic materials by 
powder metallurgy is one of the features which make this 
technique so interesting and permits fabrication of some 
materials which cannot be made by any other metal- 
lurgical method. Solid-state reactions of multiple-com- 
ponent metallic systems may result in the formation 
either of a so-called mechanical bond, in a solid-solution 
alloy, or in an intermetallic compound. There are com- 
binations of metals which do not form solid solutions 
or intermetallic compounds and it might still be desir- 
able to combine these metals in order to obtain a ma- 


terial which retains the chief characteristics of the com- 


Table IlI—-Composition and Properties of Typical 
Brass Powders* 


eee 
Composition 
LL 


Cu per cent 78.5 76.3-79.: 77-80 
Ni = = none 7 2.1-2.6 
Pb ’ ’ oe 1.1-1.7 


P a none 


1.4-1.9 
Fe “ ies none none 0. 250.50 


remainder remainder remainder 


<item stmaeeeeeeeenes 
Properties 


Sse 


30 , 500 43 ,000 
48 ,000 


Elongation, per cent 20 26-32 


Tensile strength, psi 40 ,000 
45 ,000 
16-23 
70-80 
7.80-8.00 7.80-7.95 


Shrinkage, per cent 2.65 aS 


Brinell hardness 43 63-70 


Sintered density, gm /cu cm 7 


* Source: New Jersey Zinc Co 
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ponent metals. The combination of tungsten and copper, 
for example, is highly desirable for certain electrical 
purposes; the two metals, however, do not interdiffuse. 
Tungsten is an interesting material because of its high 
wear resistance, and copper is interesting because it is 
an excellent electrical conductor. Mixing tungsten and 
copper powders, and compacting and sintering them, 
results in a so-called compound material in which the 
tungsten and copper particles are bonded together by 
interlocking and by mechanical forces such as adhesion. 
The lattice defects of the powder-particle surface crystals 
play,a decisive role in this process because they may 
permit migration of atoms from one metal into the lattice 
of the other metal in the form of interstitial impurity 
atoms. A combination material of this type retains some 
of the characteristics of both tungsten and copper and 
is excellent for electrical contact purposes, where both 
good electrical conductivity and wear resistance are 
desirable. 

The use of powder-metallurgy techniques appears to 
with relatively 
high purity without introducing removable impurities 


be an approach to achieve uniformity 


in the alloy. The powder process automatically insures 
realized with 
conventional melting and casting techniques of ingot 


composition control to a degree rarely 





3 temperature, deg GC 


hig. 1—Effect of sintering temperature on density and electrical 
resistivity of beryllium. (Source: Henry H. Hausner, Con- 
sultant.) 
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preparation. Metal powders provide relatively high- 
purity raw materials at a reasonable cost. The sintering 
operation is one which avoids contamination and can 
even effect some purification of the alloy. The inherent 
porosity in the sintered material serves to inhibit abnor- 
mal grain growth, thus permitting the beneficial use of 
final anneals at high temperatures. Most of the pores are 
conveniently eliminated during the process. 

A small residual porosity must be maintained, for its 
complete removal may result in abnormal grain growth. 
Being voids, pores do not cause any solid-solution effects. 
They behave more as inclusions, but as removable in- 
clusions. The finally remaining pores may therefore be 
expected to be less injurious in their effects than an 
equal amount of solid inclusions of similar size, shape 
and distribution. 


Magnetic Properties 


High-frequency, iron-powder core applications have 
a long history and include i-f transformer cores for 
radio, magnetic cores for permeability tuning of radio 
receivers, inductors for antennas and _ radio-direction 
finders, and toroidal cores for telephone filter coils. 
Magnetic non-linearity of solid iron produces distortion, 
while powder cores are nearly linear. Powdered iron 
also decreases eddy-current losses. 

D-C magnetic properties of cores were tested by 
Westinghouse Electric Corporation along with the aver- 
age properties for each annealing treatment. High satura- 
tion flux densities lay within the range of 15-16 kilo- 
gauss. High maximum permeabilities were between 40,000 
and 125,000, with low coercive forces ranging from 
0.25 to 0.08 oersted, with relatively large remanence-to- 
saturation ratios between 90 and 96 per cent, depending 
on the annealing conditions used. There was uniformity 
in these properties for any set of annealing conditions. 

These characteristics are indicative of the high degree 
of purity as well as uniformity in the powder product 
and the readiness with which such material responds to 
the grain orientation treatment. 

The general increase in the degree of orientation and 
in maximum permeability, as well as the decrease in 
coercive force with increasing temperature, indicates that 
higher temperature anneals are beneficial. Thus, orienta- 
tions of about 95 per cent and above, maximum per- 
meabilities of over 100,000, and coercive forces of 0.1 
oersted or less are readily obtained at annealing tem- 


peratures of 1150-1250 C. 


Controllable Density 


There are three characteristics peculiar to powder 
metallurgy which place it in a unique position as a metal- 
forming technique: it provides an inexpensive means 
of obtaining structural shapes that are impractical by 
other methods, it offers a means of combining materials 
which can be combined in no other way, and it intro- 
duces a fourth dimension of considerable significance 
in metals engineering—controllable density or control- 
lable porosity. 

This fourth dimension of metallurgy has been respon- 
sible for introducing many new applications because of 
the unique properties obtainable: for instance, self-lub- 
ricating or oilless bearings, with their ability to retain 
large deposits of lubricating materials, are made possible 
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only through powder metallurgy. Infiltration of other 
metals and nonmetallic materials into a powder-metal- 
lurgy part has brought about the creation of metal struc- 
tures having more complex physical properties than are 
possible with conventional techniques. A single powder- 
metallurgy part can be made hard and dense in one 
area and softer and more porous in another. It is now 
possible to “tailor-make” properties to meet the physical 
requirements of the application exactly. 

Porosity is often considered undesirable in conven- 
tional metal-forming practice, largely because it is un- 
controllable. In powder metallurgy, it can be eliminated 
entirely, used to any desirable degree, or can be the 
major quality of a particular application. 

The advantages of controllable porosity also enter 
usefully into applications where this quality is not de- 
liberately sought. Gears for timing mechanisms are ex- 
amples. The inherent surface porosity of the powder- 
metallurgy part was found to give smoother functioning 
and longer life than stamped gears. 

Metal powders most widely used for making structural 
parts are iron, copper, brass, bronze, nickel silver, alloy 
steel and stainless steel. In all cases, porosity of the 
compact is predetermined by selection of the grain size 
of the material, the lubricant mixture, molding pressure, 
and sintering conditions. Extreme porosity, such as that 
used for filter materials, is obtained by the use of atom- 
ized spherical powders of closely controlled grades. Self- 
lubricating bearings are in the order of 75 per cent 
of theoretical density. Structural and mechanical powder- 
metallurgy parts have densities ranging from about 80 
to above 95 per cent. 

The self-lubricating bearing is the classic example 
of the value of controllable porosity. Now one of the 
most widely applied uses for powder metallurgy, it was 
among the first and simplest of practical applications. 
The oil treatment is now extended to many shapes and 
sizes of structural parts as well as the usual bronze and 
other bearing materials. 

Ordinary powder-metallurgy bearings will hold 10 to 
40 per cent of oil by volume and have the advantage of 
supplying additional lubricant as heat expands the oil. 
The oil is reabsorbed on cooling, ready again for use 
when needed. 

Controlled porosity is used to achieve close control of 
physical and mechanical properties, through the tech- 
nique of metal infiltration. By copper or brass infiltra- 
tion of highly porous sintered-iron structures, two ad- 
vantages are obtained: higher strength and hardness and 
uniform density—particularly in parts with non-uniform 
or extremely heavy sections. 


Electrical Resistivity 


Resistivities of sintered ceramic-metal materials are 
determined by many controllable variables, and do not 
follow the laws for other resistive materials. Being com- 
posite materials containing conductors, semiconductors 
and nonconductors, their resistances result both from 
the contact between particles and the resistance within 
individual particles. Their resistivities fall in the range 
10°? to 10° ohm-em characteristic of semiconductors, and 
they may therefore be classed as semiconductors, How- 
ever, they can have positive, negative or zero tempera- 
ture coefficients, or temperature coefficients that change 
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variously with temperature. Common semiconductors, 
on the other hand, have negative temperature coefficients 


at room temperature. 


Radiation Effects in Powder-Metallurgy Products 


Any metal powder particle is characterized by the 
high ratio of its surface area to its mass or volume. This 
is an important feature with respect to the particle 
structure, inasmuch as the surface crystal lattices are 
usually different from the body lattices; they show a 
large amount of point defects such as lattice vacancies, 
dislocations, or other disturbances so that one may con- 
sider these surface lattices as highly disordered. It has 
been proved that the nuclear radiation effect in a ma- 
terial is closely connected with the degree of disorder 


in the structure, and that a material with a higher degree 


of disorder in the crystal lattices is more resistant to 
radiation than one with ordered lattices. 

The lattice distortions in the metal powders progress 
further during compacting under pressures which vary 
between 5 and 50 tsi, but which are still much greater 
in the contact areas where the metal powder particles 
touch each other. During the next step in powder metal- 
lurgy—sintering—the lattices rearrange to a certain 
extent, but very seldom end up in ordered structures. 
However, by some heat treatment after sintering, the 
lattice structures may change to ordered ones. The dis- 
ordered lattices resulting from the powder-metallurgy 
processing may make a material more resistant to radia- 
tion damage, and this is definitely one advantage that 
powder metallurgy has to offer as a method of fabrica- 


tion for radiation environments. 


Applications 


Powder-metallurgy components are found in appli- 


ances (Figs. 2 and 3), washing machines, business ma- 
chines, electric shavers, lighting fixtures, portable power 
tools, industrial fasteners. and timing devices. Powder- 
metallurgy gears of almost every type and size include 
spur, bevel, face, cluster, partial, skip-tooth and helical, 
furnished with single and multiple openings of various 
types and shapes including tapers, counterbores, keys. 
keyways, splines, squares and eccentrics. Powder metal- 
lurgy cams include a wide variety of types: face, radial, 
box, barrel, multiple plane and eccentric, as well as com- 
bination cams and gears. 

Cams. Cam surfaces are difficult to produce by con- 
ventional metalworking methods. Machining becomes 
prohibitively expensive. Special wear or surface require- 
ments add to the problem. Cam production problems are 
yielding more often to powder-metallurgy techniques: 
complex shape, strength, hardness, wear resistance and 
close tolerance requirements can be met. 

A four-lobe cam (operating similar to a Geneva cam) 


used in a concealed latch for continuous surface lighting 


Fig. 2—Spider made of iron powder is used in high-speed 
hermetic compressor in air-conditioning unit manufactured by 
General Electric Co. Part acts as a guide and backer for the 
discharge valve and supports the valve-plate assembly, meeting 
rigid requirements for high mechanical strength and wear re- 
sistance. 
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Fig. 3—-Components made through powder metallurgy tech- 
niques for portable power tool by Porter-Cable Machine Co.: 
(A) drive block made of high-density iron; (B) oil-impreg- 
nated blade-holder saddle made of iron-alloy powder; (C), (D) 
upper and lower drive mechanism retainers of oil-impregnated 
bronze powder; (E) oil-impregnated drive block made of 


bronze powder; and (F) blade-holder retainer cover made of 
oil-impregnated bronze powder. 


B 
D 
F 


fixtures is made from iron powder. Powder metallurgy 
was chosen as a fabricating method for this cam because 
of its extremely low cost—a saving of 70 per cent. Pro- 
duced integrally with pinion, the cam has the additional 
advantage of being self lubricating. 

A combined box-and-face cam for use in a business 
machine is also made from iron powder. The double- 
acting cam could not have been machined economically. 
Powder metallurgy was the only process that could give 
the needed detail to the tolerance required. In addition 
to a radial motion, this cam generates a lift, parallel to 
the shaft, twice in each revolution. Straight sides are 
held to a tolerance of 0.001 in. 
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Wiper cam action transfers motion from a punch link 
to the type bar in Underwood electric typewriters. Pre- 
viously these cams were pierced, blanked and shaved, 
counterbored and plated. Powder metallurgy did away 
with these fabricating steps and still held tolerances to 
within 0.0005 in., with negligible rejects and a saving 
of 60 per cent. 

Bearings. Comprised chiefly of iron powders, bear- 
ings made of a new ferrous-base composition cost con- 
siderably less than comparable bearings being made from 
porous bronze (see Fig. 4). The reason is a 4 to 1 cut 
in cost of constituent materials. Subjected to extensive 
testing under actual operating conditions, the ferrous- 
base bearings showed performance equal to porous 
bronze. They can be used advantageously where corro- 
sion is not a problem and mechanical strength require- 
ments are not severe. (See Table IV.) 

The high oil content assures this bearing a_ sufh- 
cient supply of oil to make it self-lubricating for the life- 
time of many equipments. Able to withstand higher 
temperatures than bronze over extended periods, the 
ferrous-base bearing is most efficient under a medium- 
to-heavy load at relatively low speeds, although it can 
match performances of bronze bearings at higher speeds. 

Capacitors. In tantalum capacitors the tantalum 
anode is made from metal powder of definite purity 
and particle size in such a manner as to obtain a precisely 
controlled degree of porosity, thus providing the desired 
amount of metal surface. 

Electrical Contacts. Powder metallurgy is used in 
making electrical contacts of mixtures of metals (or 
metals and nonmetals) into desirable compositions which 
are not true alloys, such as tungsten-molybdenum, copper- 
tungsten, silver-tungsten, silver-molybdenum, silver-car- 
bon and silver-cadmium oxide. Powder metals make 
possible compositions in which it is desired to combine 
high conductivity with resistance to arc erosion, or to pro- 
vide non-sticking or non-welding properties. 

Motor Parts. High-density materials (such as tung- 
sten-copper-nickel) for rotors, counterweights and inertia 
parts are made for uses where high density is required in 
a small space. Tungsten, which has one of the highest 
densities of all metals, is an ideal material. Other metals 
are added to improve machining properties. 

Switches. Sintered materials for application in special 
types of rotary switches were examined to determine cor- 
rosion resistance. One material, a copper-nickel-tin alloy, 
has corrosion resistance comparable to the tin-plated 
aluminum bronze presently utilized. This material is 
used as a positioning device in a switch in some Navy 
equipment, and the materials must therefore conform to 
rigid corrosion-resistance requirements. Results of the 
study showed that a ferrous-based sintered material is 


Table 1V—Comparative Physical Properties of a 
Ferrous-Base Bearing and Porous Bronze 


Porous bronze 
bearing 


*Ferrous 

Property bearing 
18-23 

10,000 
9,500 

Rh-35 
6.1-6.5 


18-23 
18,000 
20 ,000 
Re-65 
6.4-6.7 


Porosity, per cent oil by volume 
Ultimate tensile strength, psi 
Compressive yield point, psi 
Rockwell hardness 

Specific gravity 


* Tron Ailite 212, Amplex Division, Chrysler Corp. 
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Fig. 4—The ID of ferrous bearing shows little wear after oper- 
ating for hours under heavy load. Shaft still has original mirror 
finish. 


less corrosion resistant in both high humidity and 
standard salt-spray test than the aluminum-bronze _per- 
manent mold castings formerly used. Economically, the 
sintered material was superior to the castings, thus 
making the non-ferrous sintered material a preferred 
choice. 

Electron Tubes. Powdered-metal compacts have long 
been worked into products used by manufacturers of 
electric lamps and electron tubes. Typical use applica- 
tions for tungsten in these products are filament wire, 
grid wire, and glass-to-metal seals through hard glass. 
Molybdenum is used as a mandrel in the winding of 
tungsten coils for lamps, as support wire in lamps and 
tubes, and as grid wire in tubes. 

Gears. With new techniques, improved powders, sin- 
tering furnaces and presses, powder metallurgy is fast 
becoming a method of choice for producing heavy struc- 
tural parts with close tolerances, high strength and shock 
resistance at substantial cost savings. Powder-metallurgy 
gears operate under severe conditions in a variety of ap- 
plications: washing machines, business machines, elec- 
tric shavers, etc. 

Important design advantages of powder metallurgy 
follow from the one-piece production of parts that require 
two or more separate pieces when made by other methods; 
the results include higher strength, quieter operation and 
lower cost. 

The problem of high costs due to scrap losses was of 
special concern to Lewyt Corporation engineers in the 
production of three brass 48-pitch hub gears for use on 
variable air capacitors. Although gear cutting from bar 
stock gave rapid production, a recommendation was 
made to switch to powder metallurgy. The initial tool 
and die investment was low for the quantities involved 
(about 20,000 each), and by eliminating scrap losses, 
the brass gears are produced at a net saving of 25 per 
cent. Dimensional accuracy of the gears after coining 
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24- pitch spline 


3 involute 


Countersink to 
-+ +0015 
0.706 - 0.000 


*9O deg inclusive 


Sides paroliel 
within 0.005 


03 , 


92°) ee outside rodius 
3 SU 


OOIC 
145847080" -o01 =rodius 


0.0708 whole depth of tooth 


Fig. 5—-Special gear design for motor shaft. (Source: Minne- 
apolis-Honeywell Regulator Co.) 


(+-0.000 to 
the same as that of the machined part. 


0.002 in tolerance on the gear pitch) is 


There are some types of gears that can be most eco- 
nomically produced by combining powder metallurgy 
and machining methods. By cutting teeth in uniformly 


precise blanks made by powder metallurgy, substantial 
savings are achieved, compared with machining the entire 
gear from bar stock. The uniformity of each blank means 
reduced setup and inspection time, and a minimum of 
rejects. 

High-strength gears may be made by powder-metal- 
lurgy infiltration techniques. Four high-carbon, copper- 
infiltrated iron-powder gears (85.000 psi, tensile) in 
the gear train of a General Electric Company automatic 
washer replaced machined pearlitic malleable iron gears. 

To obtain extremely high strength in precision gears, 
electrolytic iron powder is pressed and sintered by multi- 
ple processing to achieve high density. Tensile strengths 
of 140,000 psi after carburization to a depth of 0.035 
in. can be obtained in producing Precision Class I fine- 
pitch spur gears for miniature electric motors and busi- 
ness machines. 

Two special motors for control of air-conditioning 
dampers use a pressed-metal gear (Fig. 5) pressed di- 
rectly to the shaft knurl. The following data indicate 
that it requires greater torque to shear the shaft fit in 
the pressed-metal gear than in the standard gear and 
aluminum hub: 


Unit Torque to twist shaft (ft-lb) 
Standard gear #1 75 
Standard gear #2 100 
Pressed-metal gear #1 160 
Pressed-metal gear #2 156 

The gears formed by powder-metallurgy techniques 
withstood conditions of life testing for wear and holding 
quality to the shaft as well as previously used standard 


gears. In some cases the pressed-metal gears stood up 
better under extreme conditions. 


——__—_—_—_—_—_—_—— Fabrication — 


High-speed production, accuracy, low unit costs and 
original design possibilities have made the manufacture 
of structural parts from metal powders an economically 
important method of metal fabrication. 

As in any other metal-shaping process, the degree to 
which these advantages can be realized depends largely 
on an understanding of materials and practicable shapes. 
representative physical and mechanical properties, and 
cost and production factors. 

Powder metallurgy is well adapted to forming: 


a. cylindrical, rectangular or irregular shapes which 
are relatively thick (up to 1] in.) and which, in 
general, do not involve large variations in cross- 
sectional dimensions 
surface indents or projections on tops or bottoms 
of parts 

c. simple flanges or projections at one end 

d. splines, gear teeth and knurling 

e. holes, counterbores, slots and keyways. 


These design features are possible because compacts 
are formed by compressing powders in a die cell with 
two or more punches operating vertically. Additional 
vertical tool elements, such as one or more core rods 
mating with holes in the punches, may be used to form 
compacts with axial holes. 

The normal operation of tool sets involves ejecting 
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the compact upwards, without any parting of the die as 
in die casting. This condition normally makes it im- 
practicable to press designs with undercuts since shapes 
must be such that they can be readily removed from the 
die cell. 

The problem of pressing undercut shapes has been met 
in part through the use of tool sets which are given 
slight angular motion about the compression axis to 
free them of the compact. By such means, helical gears 
with a helix angle up to 26 deg have been pressed di- 
rectly to shape. 

However, since die cells are filled by gravity, the 
main obstacle to any general solution to the problem of 
pressing undercut and side-cored parts is one of find- 
ing a satisfactory means of making metal powders flow 
(in the same manner as molten metal or plastics) into 
the required die recesses. 

This poor plastic flow of metal powders is not a limi- 
tation on undercuts alone. A good principle to apply in 
designs under 0.75 in. diam and 1-in. axial length is to 
provide for section thicknesses of greater than 0.030 in. 
Thicker sections are needed for parts of large diameter 
and greater length. 

When compacted and sintered under well-controlled 
conditions, brass sinterings are generally comparable in 
physical and mechanical properties to brass coatings. 
The strength, hardness and wear resistance are more 
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Some Design Applications of 
Powder-Metallurgy Processes 


0.200 diam 
0.196 
(5 holes) 


How well parts size can be controlled in the powder-metallurgy 
process is illustrated by the Kearfott aircraft gyro clamp shown 
above. Limits for dimension “A” are 0.125 +0.005, —0.000 in. 
Measurement of 50 production samples gave a range of 0.1251- 
0.1266 in.—a narrow spread well within specified tolerances. 
Dimension “B”, specified as 0.145 +0.005, —0.000 in., actually 
measured, for the same group of samples, 0.1463-0.1485 in.— 
considerably closer than control limits. Dimension “C” meas- 
ured 0.0911-0.0946 in. as compared with blueprint limits of 
0.093 +0.003 in. An 88 per cent cost saving was realized by 
making this part as a nickel-silver sintering. Former method 
involved machining brass in six operations. (Source: N. J. Zinc 
Co.) 


>> 
Used to connect lead-in tubing from radar antennae, the flange 
at right involves a special requirement: the long dimension of 
the rectangular opening must be exactly twice that of the short 
one. As a sintering, the part is accurately produced in quantity 
from brass powder without any scrap loss. The four holes and 
rectangular opening are cored. Finish requirements are satisfied 
by a light deburring. Previous, slower production method in- 
volved broaching and drilling a forged blank. A longer finishing 
time was also required. (Source: N. J. Zine Co.) 
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As a governor assembly, these three parts perform the important 
function of controlling the rotational speed of redesigned dials 
in telephone handsets made by Western Electric for the Bell 
System, Although the shapes required relatively complicated 
tooling, substantial savings over any alternate method result 
because secondary operations are not needed to produce finished 
parts. Production rate of 1000 per hr per set of tools makes for 
further economies. (Source: N. J. Zinc Co.) 


+0.000 
0.052~°-002 


+0002 
+0.005 
- 0.000 


— += 0.067-0.000 


0.090 +0.003 
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0.062 *°°2 
+0005 Range of dimensions taken 

Wan -0.000 
A 0.125 from a 50-piece sample 


Dimension "A’ = 01251-01266 
"B" =0.1463-01485 
"C" =0.091I- 0.0946 
<—-Ké 
The brass cranks for auxiliary switches mounted on I-T-E cir- 
cuit breakers operate on square shaft heads which must fit 
perfectly in the channel sections of the cranks at several differ- 
ent points. Machining from brass bar stock to the required 
dimensions would be costly and the mounting holes would have 
to be drilled. Brass-powder sinterings were specified to obtain 
the shape and dimensions shown without machining, and to 
eliminate the need for drilling the holes. The cranks, as received 
from the fabricator, require only cadmium plating prior to 
assembly. (Source: N. J. Zine Co.) 





nearly equal to those of dead-soft, annealed brass than 
to those of wrought parts. 

The American Society for Testing Materials has 
established a specification (B-282) for structural brass 
parts fabricated from the widely used 80-20 leaded brass 
powders. 

Powder metallurgy dimensional accuracy compares 
favorably with that of other small parts processes. Gen- 
erally accepted commercial tolerances for brass sinter- 
ings are 0.004 in. per in. on radial (at right angles to 
direction of pressing) dimensions. For axial (in the di- 
rection of pressing) dimensions, 0.015 in. per in. is 
normal with 0.010 in. per in. being possible. 

Brass powders embrace a wide range of alloys: 
straight brasses ranging from 70-30 to 90-10 copper- 
zinc: leaded brasses containing 1.5 per cent lead; and 
special brasses containing small percentages of elements 
such as phosphorus, manganese, silicon or iron. Addi- 
tional blends of powders—such as copper and tin, brass 
and iron—can be made 

Press capacities and press speeds are the chief limita- 
tions on maximum sizes in which structural brass and 
nickel-silver parts can be produced economically by 
powder metallurgy in competition with other methods of 
fabrication. 

Brass compacts are formed with pressures ranging 
from 20 to 50 tons per sq in. Therefore, a brass part 


with a cross-sectional area of 5 sq in. will require a 
press of from 100 to 250 tons capacity. 

Equipment used to form parts from metal powders 
range from relatively rapid, mechanical-action units in 
the 4- through 100-ton range up to 1000-ton hydraulic 
units, which operate on slower cycles. 

A major advantage in sintered nonferrous parts is the 
wide variety of shapes, sections and profiles which can 
be made with a minimum number of operations. Machin- 
ing operations, where necessary, are usually of a rela- 
tively simple nature, such as undercutting, drilling and 
tapping holes, generally at some angle other than the 
direction of pressing. 

Where higher accuracies are needed, nonferrous parts 
may be repressed or sized, after sintering, in a die similar 
in design to the original die. Thus, tolerances as low as 
0.002 in. per in. have been met. 

Fabrication of structural brass parts is inherently a 
high-speed production process. However. production 
levels may vary widely from design to design and with 
the type of equipment. Optimum rates for a_ specific 
design are determined by the ability of the powder to 


fill die cells uniformly during each briquetting cycle 
Slip Casting of Metal Powders 


Slip casting has long been established in the field of 
ceramics as a method of molding ceramic ware of large 


Transducers * 


By producing magnetostrictive transduc- 
ers and resonant elements of disk-type 
mechanical filters by powder-metallurgy 
methods, close control of mechanical Q 
and thermoelastic coefficient can be main- 
tained (see Fig. A). 

Mechanical filters must be subjected to 
environmental and electrical testing. For 
both military and commercial applica- 
tions, the filters must be constructed to 
pass specifications testing equivalent to or 


Collins Radio Company 


Tal. 
Induction - 
melted material 


Ct A edhe 


Powder metollurgy 
moaterialy 7) 7 


Melt or compact number 
Fig. A—Q variation of powder-metallurgy 
and induction-melted transducer material. 
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exceeding actual service conditions. To 
hold close bandpass tolerances over the 
typical operational temperature range of 

10 to +85 C, the filter resonant ele- 
ments must exhibit a high degree of tem- 
perature stability. They must also have 
mechanical Q values of +6000 (i.e., low 
degrees of damping) to minimize inser- 
tion loss. 

A recent development at the Collins 
Radio Company has been the application 
of powder-metallurgy techniques to the 
production of the resonant elements. Ad- 
justment of the temperature coefficient of 
frequency of these parts is made possible 
by varying the sintering time in the range 
approaching the condition of equilibrium. 
This accurate control of homogenization 
is not possible by liquid metallurgy. An- 
other desirable feature of the powder 
metallurgy method is that a closer control 
of chemical composition can be attained. 

Alloys employed in mechanical filter 
transducers must have good magnetostric- 
tive characteristics, low temperature drift, 
and low mechanical Q for broadband 
filter termination, Such an alloy was made 
with refined electrolytic metals, melted in 
an induction furnace using a_ protective 
atmosphere, cast, rolled, and drawn into 
wire. This same material is currently 
being made by the powder-metallurgy 
process. Sintered compacts are rolled and 
drawn into wire. The transducer wire 
produced in this manner is more uniform 
and has a lower Q value than that made 
from the induction-melted material. 

A large number of configurations of 
resonant elements has been proposed for 
use in mechanical i-f filters. Of the many 
designs, three types are most common. 
One employs a series of flat plates coupled 
by two metal wires. Another employs a 
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Fig. B—Six-disk mechanical i-f filter. 


cylindrical rod machined to produce 
alternate necks and slugs. The third type 
has a plurality of disks coupled by either 
central or peripheral coupling wires or 
both (see Fig. B). 

Electrical energy is transformed into 
mechanical energy by the input magneto- 
strictive transducer, filtered by the disk 
resonators which are coupled together by 
longitudinal coupling wires, and then 
changed back into electrical energy in 
the same manner at the opposite end. The 
filter is a bilateral network. The center 
frequency of the filter is determined by 
the disk dimensions, and the bandwidth 
by cross-sectional area and location of the 
coupling wires. The selectivity, as in all 
electrical filter networks, is a function of 
the number of resonant elements used. 

Economy in manufacturing and close 
control of the intrinsic elastic properties 
are desirable aspects in the conversion to 
powder metallurgy from the established 
conventional disk manufacturing process. 
At present, a great number of man hours 
is being expended in cutting disks from 
Ni-Span C rods, in centerless grinding 
and lapping the parts to thickness. Most 
of these operations could be eliminated if 
the disks were made by powder-metal- 
lurgy procedures. 
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dimensions or complicated shapes. This method is being 
adapted to the production of metal-powder shapes. 

To slip cast metal powders, the same procedure used 
for making ceramic ware is followed. A fluid suspension 
of metal powder in liquid is poured into a plaster-of- 
Paris mold. The porous mold permits the liquid to pene- 
trate and be absorbed while the powdered metal in the 
slip dries within the mold. The mold is then opened, 
the partially dried casting is removed, and then allowed 
to dry completely. It is then fired in a sintering furnace 
until it reaches the desired physical properties. 

The variables of the process are in general similar to 
those of conventional powder metallurgy, with the ex- 


ception that no pressing variables are to be considered. 
Main emphasis lies in a careful mixture of metal powder 
particles of various sizes, and in new variables that are 
of importance, such as the type and amount of defloccu- 
lents added to the slip, and, further, the viscosity and 
PH factor of the slip. 

Slip casting of metal powders and of cermet powder 
mixtures opens a new avenue in powder metallurgy. 
Slip casting will not replace the conventional pressure- 
compacting of certain parts, but rather permits an exten- 
sion of metal-powder applications to large and complicated 
shapes. It makes for an economic, small-scale production 
procedure to which conventional powder-metallurgy 
methods are not applicable. 


Metallic Compounds 


Certain metals that do not form alloys can be com- 
bined by powder-metallurgy methods. These metal com- 
binations are known as compound metals, such as the 
tungsten-copper or molybdenum-silver combinations 
used for electrical contacts. In these compound metals, 
one metallic component is present, either in the form of 
discrete particles within the matrix of a second com- 
ponent, or in the form of a metallic framework inter- 
woven with another metallic framework. 


Alloys 


Powder-metallurgy methods are not applied solely to 
the fabrication of parts from individual metals, but also 
to parts made from alloys. Addition of a small amount of 
an alloying constituent to uranium makes this metal less 
susceptible to radiation damage but more resistant to 
corrosion. 

There are two possibilities for fabricating alloy parts: 
(a) compacting and sintering alloy powders, and (b) 
intimate mixture of the alloying components in powder 
form, compacting the mixture and formation of the alloy 
in solid-state reaction during sintering. 

The technique of compacting and sintering alloy 
powders is identical with the technique of forming pure 
metals by powder metallurgy. The method of forming the 
alloy from the components in powdered-metal form dur- 
ing sintering is different insofar as the time of heat 
treatment during sintering. It is not determined by the 
rate of densification alone, but also by the rate of 
homogenization of the alloy. 


Iron Powders 


In some powder-metallurgy processes only pure elec- 
trolytic iron powder is used as raw material. No copper, 
graphite, or other foreign material is used, because 
the resulting mixture would make impracticable precise 
control of accuracy, make controlled carburizing im- 
possible, and thus reduce ultimate strength. The iron 
powder is used for small parts such as cams, ratchets, 
gears, pawls, and sprockets. Unlike parts produced by 
other powder-metal processes, the resulting parts are 
non-porous, and have physical properties equal to or 
better than similar parts machined from solid steel. 
Density is a function of solidity, and parts attain solidity 
only through compacting and sintering, not by loading 
or infiltrating porous parts with heavier, non-ferrous 
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metals. Parts are produced in a range of controlled den- 
sities from 6.8 to 7.65 gm/cu cm, depending on desired 
physical properties. 

Aside from ultimate high tensile and yield strengths 
(up to 200,000 psi) these powder-metal parts can be 
made to the same or, in many cases, lower tolerance 
margins than machined parts. Because pieces are com- 
pacted in carbide dies and sintering temperatures are 
precisely controlled, dimensional accuracy and physical 
properties remain uniform from part-to-part in runs 
from thousands to millions. They can be machined on 
standard types of machine tools without special cutters 
or slow speeds. Parts impossible to produce by any 
powder-metal process because of die limitations can be 
blanked out. These uniformly precise powder-metal 
blanks can be machined at substantial savings over 
machining the entire part from bar stock. The uniformity 
of each blank means reduced setup time, reduced in- 
spection time, and a minimum of rejects. 


Metal-Ceramic Combinations 


Vacuum sintering is also of importance in the fabri- 
cation of the metal-ceramic combinations known as cer- 
mets. The reactions occurring between the metal- and 
ceramic-powder particles have a certain similarity to 
those in the multi-component metal-powder systems. The 
physical properties of various types of cermets depend 
on the type and amount of the components, on the reac- 
tion and type of bond (which in itself depends on the 
sintering conditions), and especially on the sintering 
atmosphere. ooo 
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Unified Phy 


sical Design 


For SYSTEM RELIABILITY 


With growing complexity in the compo- 


nent-subsystem-system sequence, reliabil- 


ity of equipment is becoming increasingly 


dependent upon the attention given to 
physical design aspects starting in early 
phases of development. Primary planning 
and analysis for complex systems must be 
beyond considerations of mere functional 
feasibility and circuit design. Equipment 
physical form must be given specific and 
unified attention from start to finish in new 


system development. 


D. KENNETH RICHARDSON 
Member of Technical Staff 
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PRINCIPLES OF OPERATION and circuit synthesis are, and 
will continue to be, critical considerations in systems of 
the complex and subtle nature demanded for military. 
space flight and other purposes, but environmental fac- 
tors, volume, weight and cost, and mechanical forms 
will often be the governing factors in development pro- 
grams. Throughout the development cycle, physical de- 
sign must be guided, monitored and controlled in an 
effective fashion. This is particularly true for programs 
involving a great number of electronic devices which 
are to be integrated into a complex system. The majority 
of reliability problems experienced in military electronics 
are due not to faulty circuit design, but rather to physical 


Typical Outline of Physical Design Description for Airborne Fire-Control System 


I. Governing specifications: 
List of specifications contractually binding. 


II. Design conditions: 


A. Description of physical characteristics — size, 
weight, configuration limits. 
B. Description of instal!ation provisions. 


1. Available power forms—electrical, hydraulic, 
shaft. 
Coolants provided—air or liquid, heat sinks 
available, insulation from environment. 

3. Pressurization capabilities. 

. Mechanical isolation available—shock, vibra- 
tion, acoustic excitation. 
Access capability. 

. Unit-to-system and system-to-installation inter 
connections: 
a. electrical 
b. fluid 
Cc. air 
d. mechanical 


:. Environmental requirements (excerpts, interpre- 
tations, waivers, and clarification of operating 
conditions defined in governing specifications). 

1. Temperature 
2. Altitude 

3. Vibration 

4. Shock 


5. Acceleration, continuous 


Acoustical noise 
7. Humidity 
8. Nuclear radiation exposure 
9. Explosion-proofing 
10. Storage 
11. Others—salt spray, fungus, sunshine, rain. 


il. Construction requirements: 


A. Standardization, uniformity of design approach, 
boundary conditions on configuration, 

B. Materials, parts and processes — common-usage 
electrical and mechanical parts, standard mate- 
rials and processes, to minimize development, 
production, and maintenance costs. 

. Maintainability requirements—time limits to re- 
place failed parts. 

. Design-efficiency controls—standards for volumet- 
ric efficiency of product, weight control, cooling 
efficiency. 


’, Product controls: 


A. Reliability 

B. Life 

C. Protection and safety 

D. Cost 

E. Quality assurance 

1. Design testing 

2. Production inspection and quality 
limits. 


control 
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System Physical Description 
(in organization-chart form) 


Weapon-control 
system 


Subsystem Subsystem 
I IIL 


5X7XIi0 3x5x9 

14 Ib 6 Ib 

60 watts 25 watts 
372 hr,mtf® 920 hr,mtf* 
Isolotion I Isolation II 
Cost B Cost A 


Subsystem 
Il 


3X5x9 


8 Ib 
Se crs 


781 hr, mitf 
Isolation II 
Cost A 


Unit Unit 
\ 2 


Subgroup Subgroup Subgroup L 
B, Ba B3 Il. 5 g, 5-1000 cps 
II. +10 g, 5-2000 cps 


design problems: too hot, too sensitive to vibration, too 
difficult to manufacture consistently, or too delicate for 
field servicing. 

As “electronics” has grown in the performance of 
military missions and space operations, organizations 
have been established to plan and control design from 
a systems viewpoint. Industry teams have been func- 
tioning under a “weapon-system” concept, whereby one 
member of the team has authority over the general 
system concept and mechanization. Other team members 
operate in their areas of specialization, within the 
boundary limits established by the guiding weapon- 
system contractor. 

Within a company, a similar approach is taken by the 
establishment of system departments responsible for 
outlining and controlling the functional performance 
capabilities to be attained by a particular product. These 
activities create the block diagrams, define input-output 
limits, and integrate the various special products in- 
volved into a harmonious whole. Design activities are 
free to design within the input-output limits established. 
These limits may be revised, if state-of-the-art improve- 
ments justify. In this way, the system activity’s control 
does not impede design progress, but merely constrains 
design efforts toward the objective to be attained. The 
system activity controls what shall be done, not how it 
shall be done. 

The organization responsible for system direction of 
physical design must consist of qualified personnel, ex- 
perienced in one or more physical design areas: circuit 
packaging, environmental analysis and test, thermal de- 
sign, stress analysis, manufacturing techniques, relia- 
bility, electronic and mechanical component standards, 
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Group Group Group 
A B Cc 


Subsystem Subsystem Subsystem 
IV V VI 


Group Group Unit 
A 8 | 
Unit Unit 
| 2 


iOxi2xi2 
30 Ib 

100 watts 
243 hr,mtf* 
Isolation I 
Cost C 


Notes: 


1. Isolation levels: 
2 g, 5-50 cps 


2. Cost levels (per unit, in lots of 100): 
A. $100 
B. $100-300 
C. $300-600 
D. $600-1000 
* “Reliability goal’: hours mean-time-to-failure, 


and similar considerations. Above all, they must have 
the ability to think in terms of overall system require- 
ments; they will be responsible for seeing that no flaws 
exist in the end product for lack of adequate design 
attention. 

System Design Base. The accompanying diagram 
illustrates the basic approach of the system physical- 
design engineer. The system is defined in physical terms, 
using the ordinary organization chart format, rather than 
the block-diagram form used for electronic circuits. 
Shown at the lowest divisible element (at which system 
engineers’ control ends) are the broad design boundary 
conditions, envelope dimensions, weight, heat dissipation, 
mean time-to-failure, mechanical isolation provided, and 
cost limits. The chart gives a brief system physical de- 
scription, which later is used to generate more detailed 
unit-design requirements. 

Following the chart portrayal of the system, the overall 
physical designer must devise a physical-design descrip- 
tion. This is the foundation of all physical-design direc- 
tion and control for the applicable system. It must be 
accurate, complete, and kept up to date. A typical out- 
line for a system is shown here. In the description, the 
system engineer must consider all the various con- 
tractually governing documents, translate them in terms 
of company experience, add company standard-practice 
data, and present all these in a manner clearly under- 
standable to the design engineer. Included also must be 
any specification waivers or deviations obtained from 
the purchaser. 

The system physical-design description is used as a 
working tool by the design engineer, and serves to 

(Continued on page 174) 
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Design Note 


Electromagnet Coil Design Charts 


JACK J. VITOLA 
Development Engineer 
WHEELOCK SIGNALS, INC. 
Long Branch, N. J. 


For THE DESIGN of coils for solenoids and electromagnetic 
devices, the end-data required are wire size and number of 
turns, to be consistent with required ampere-turns and total 
d-c resistance for various circuit demands or limitations. 
Coil dimensions are also necessarily included in any general 
design relationships to be used. 

The coil-winding data presented here are all based on 
wire size as the fundamental quantity, using space factors 
for enamel-covered wire and assuming average winding 
methods and conditions. The term “space factor” of course 
refers to the ratio of total coil volume to copper volume, 
and is a measure of geometrical efficiency of a winding; a 
high space factor is desirable. The data assume layer-wind- 
ing, but may be used for small coils random-wound. 


D-C Coil Charts. The charts were derived by determining 
relationships between coil parameters as functions of wire 
size using standard wire tables. The coil charts can be con- 
structed for any type of insulation if the two characteristics, 
r and n, are known for the various wire sizes. These charts 
are based upon enamel insulation since it is popular and 
useful. Two important factors relating the physical dimen- 
sions of a coil are the total winding volume, V,, and wind- 
ing area, A. 


74s 


Symbols 


A winding area, sq in., |(D 
d core diameter, in. 
diameter of winding, in. 
frequency, cps 
length of coil, in. 
“magnetic constant” 
turns per sq in. 


— d)L}/2 


total coil turns 

ampere turns 

ohms per cu in. 

total d-c coil resistance, ohms, at 20 C 
winding thickness, in., (D — d)/2 
total winding volume, cu in. 

coil impedance, ohms 


ER LL RE A AAR Re 


The total winding volume for round bobbins is: 


B (DD? — d’)L 


Ve = ; (1) 


Although a round bobbin was referred to, other coil 
shapes merely require the use of equivalent relationships. 
The bases of the coil charts are the expressions: 


r R/V. (2) 
n=WN/A (3) 


The total resistance and total turns can be determined 
from Eq (2) and Eq (3), respectively. With a given voltage, 
the current is then known. 

Substituting Eq (2) for R in Ohm’s Law. 

E ] i sas 
~ or : a= r d 
Vor E/V, 

The last expression permits plotting coil current as a 
function of wire size, since r can be found directly in wire 
tables. Using Eqs (3) and (4), 


(NI) nA 


_ (ND 
LT(E/V, 


watts 


Power dissipation 


and 


3 





























8 19 20 2! 2 


Wire size, AWG (enamel!) 


Coil Design Chart No. D-C-1 
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Equation (5) gives the relationship between ampere-turns 
and wire size since both n and r are found directly in wire 
tables. The appearance of the factors LT and V,. makes the 
charts “universal”. 

Using power, P 


(2) for J and R: 


I°?R, and substituting Eqs (4) and 


E 


Vor 


P = (Ver) 


1 
— = (6) 
r s | 


Equation (6) permits plotting power dissipation as a 
function of wire size. 


A-C Coil Charts. The impedance of a coil can be found 
using the concept of a magnetic constant because an electro- 
magnet coil has an iron core: 


Z 


K m ie 
Nf 


The impedance in the above equation is actually the 
reactance of the coil since the resistance is usually negli- 
gible compared to the reactance. Using / (NI) /N, 

(NY) , 


E = N “LING 


But the total turns, NV, is also given by Eq (3) which, sub- 
stituted in the above expression, gives 


E = (NI) (Ky f) (LT)n 


kb 


— 8 
(NI) (Kn f) (LT) (8) 


Equation (8) shows the relation between the applied 
voltage and wire size, plotted on the a-c coil design charts. 


| 4 
lok xI03 4 +4 
0 x10 7 
17 
7 K7xlO* —+—_—_—_+—_ 
ry 


4 
5 p5x102 +— 
| 


| | 
3+3x10? —+- 


28 


size, AWG (ename 
Coil Design Chart No. D-C-2 
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Since current can be expressed as ampere-turns divided 
by turns, and the turns related by Eq (3), 


I | 


= = — 9) 
NI/LT n ° 


The relationship between current and wire size is plotted 
on the coil design charts. 
An impedance relationship can be derived to show that: 


z ’ (10) 
———_—_—— = 
(Kn SLTY 
e Example 1: Find the wire size and total number of 


turns for an electromagnet coil which has the following 
given data: 


Minimum ampere-turns = 1800 
Minimum voltage available — 20 volts d-c 
Nominal voltage available — 24 volts d-c 
Coil bobbin physical dimensions: 

outer diameter == D == 1.25 in. 

inner diameter d = 0.5 in. 

length = L = 2 in. 


SOLUTION: 


(1) Find the nominal ampere-turns needed, using a resist- 
ance tolerance of -+-10 per cent: 


(Enom) 


(N I) nom =1.1 (N Din (Emin) 


(11) 


9 
(ND nom = 1.11800) 2 


(20) 


Find the winding thickness: 


= 2370 ampere-turns 


1.25 —0.5 


9 


~ 


+ nk 1 
sok att met " 
1 


30 3x10° 


210° 
\ 
\ 





\ 
lor! x 10°. 


7 L 7x 10% 


5 + 5x10 





| 


Resistance, ohms, 


~ 3 L 3x104 


| — 
4 





esistance 7 
| N 








Current ond — 
power dissipation 














Wire size, AWG ( enamel) 
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DESIGN TRENDS 


Ampere-turns and current 


TTT 
| { 











| 

1 

3 
Wire size, AWG (enamel) 


Coil Design Chart No. A-C-2 


—+ 70,000 
| 
Wire size, AW enamel!) —15000046 + 


Design Chart No. A-C-1 | 


Determine the effective coil volume: 


(1 ayL 





c rr 





wl(1.25)’-—@.5)"J2_ j 
c= 2.05 cu in, 


and Ampere 





(4) Determine (LT) and EV. factors: 





05 
U 


(LT) ; 375 = 0.75 








(LT) 


J %t 
ee a 


EB 
- 


2.05 


(5) Find the ampere-turn factor: 


Current 


(N1) = 2370 
(LT) E/V. (0.75) (1.7) 


= 270 


(6) After observing that coil design chart DC-2 has the 
proper range of ampere-turn factors, we can enter the chart ee 
with the ampere-turn factor found above, which intersects 3435 36 37 38 39 40 4 
the ampere-turn line. At this point, it is found that 26 AWG Wire size, AWG (enamel) 
is the closest wire size corresponding to our ampere-turn 
factor. If 26 AWG is used, it will be noted that the ampere- 
turn factor will actually be 290, which results in a slightly V 
higher number of ampere-turns than required. If 27 AWG Turns Factor: — 3400 
is chosen, a lower number of ampere-turns will result. l 

(7) Using the 26 wire size-vertical line, the resistance, 
turns, power, and current factors can be found: 








Coil Design Chart No. A-C-3 


Current Factor: ea > 103 — 86 


; R ‘ 
Resistance Factor: 11.6 Power Factor: ap OX «(10° = 86 
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0-325 VDC 
IN 3Vv2" PANEL 


oc oc 
HB GROUP oom |r [ot | me | te 
voltage [wea [0325 [00m [0008 | 
OUTPUTS AT 


*Series connected: 13V CT — 6 Amps. Parallel connected: 6.5V — 12 Amps. 


(3% additional voltage provided to compensate for voltage drops in connecting cable) 


power ORDERING INFORMATION: 


Units without meters use model numbers indicated 


os 
supplies 
in table. To include meters add M to the Model No. 


taal ae ad 
100. 200 Ser em Tv 


OC VOUS 


MODEL HE-GM SERIALE 12714 
INPUT 105 I25V SO- 440 CYCLES 


TWICE AS MUCH POWER IN THE SAME RACK SPACE 


complete 
specifications 


KEPCO, INC. 131-34 SANFORD AVENUE + FLUSHING 55, N. Y. * IN 1-7000 * TWX # NY 4-5196 


Visit us at the I.R.E. Show, New York Coliseum, March 21-24, Booths 2636-2638 
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DESIGN TRENDS 


From the foregoing factors, coil resistance, total number 
of turns, coil current, and power dissipation can easily 
he found: 

Coil Resistance R 11.6 V, 

(11.6) (2.05) 23.8 ohms 

Total number of turns \ 3400(LT) 

(3400) (0.75) == 2550 turns 


Coil current ! 66 X 10 (>) 


10° (11.7) = 101 amp 
p 
V, 


= 24.1 watts 


Power dissipation 86 « 10 ( 
86 « 10° (281) 


e Example 2: For an a-c coil, find the wire size, number 
of turns, coil resistance, and power dissipation with the 


following given data: 


(NI), 
Total winding volume = J, - 
Total winding area (LT) 
Applied terminal voltage E 
1000 ohms 


m == 1000 ampere-turns 
1.5 cu in. 
0.5 sq in. 

115 volts rms, 60 cps 


Nominal ampere-turns 


Coil impedance Z 


SOLUTION: 


(1) In a-e coils, the important design parameter is (K,,f). 
A method of obtaining this factor is as follows: 


(Km f) 5 \? 


But \ (NI) /T and I EZ: therefore, the total turns 


can be expressed as: 
(NI) 
k/Z 


Since the square of the turns is needed, we obtain: 


‘ . 
N’? C ) = en) = 0.75 X 10° 
k/Z 115/1000 


Substituting this value in the equation for the (K,,f) 


N 


factor: 


Z 1000 , 
(‘Kf x cee - = 1,332 x 10 
\ 0.75 x 10 
Since wire size and coil volume were not considered, this 
indicates only the number of turns needed to give the de- 
sired ampere-turns with the given current. 


(2) The voltage factor can now be found: 


/ 115 


a : = 17,300 
(NI) (K,,f) (LT) (1000) 1.33 & 107°) (0.5) 


The a-c coil design chart No. AC-2 has the proper range 
of voltage factors. From the chart. it is seen that wire size 
33 AWG is the closest size since the voltage factor of 17,300 
intersects the voltage line near the vertical line represent- 
ing 33 AWG. 

(3) The number of turns is found by obtaining the turns 


factor for 33 AWG: 


NV 
— = 16,000 
(LT) 


then 


\ 16,000 (LT) = 16,000 (0.5) = 8000 turns 


The actual impedance becomes: 

Z = (Kmf) N’ = (1.332 X 1075) (64 X 10°) = 854 ohms 
This is lower than the required value of 1000 ohms. If the 
value is unsatisfactory, then the next wire size, 34, can be 
used, giving an impedance higher than desired. 

The resistance and current can also be determined by 
selecting the resistance and current factors corresponding 


to 33 AWG: 


120 ohms 


280 (1.5) 


-(N ‘ 000 
ND _ 6 5 y'yq-5.(1000) 


10 ——= 6 6 7 
(LT) 0.5 


= 0.124 amp 


Other variations of coil design problems are easily solved 
by proper application of the basic formulas and the coil 
design charts as shown in the above examples for either 


a-c or d-c. 
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Test Sockets 
For Micromodules 


E. A. DIETZ 

Chief Engineer 
Jertron Propucts, Inc. 
Hanover, New Jersey 


IN MICROMODULAR DESIGN of electronic 
equipment, the familiar capacitor, re- 
sistor and transistor packages are re- 
placed by thin, square ceramic wafers 
upon which the various components are 
constructed. The wafers measure 5/16 


in. on each side and are about 1/64 in. 
thick. Component terminations are 
made to 12 notches around the edges 
and, by suitable stacking, edge-wiring 
and encapsulating, complete modules 
are generated to produce portions of 
circuitry. 

Since reliability requirements on the 
completed module are high, perfection 
of the individual elements must be as- 
sured to even higher levels. Consider- 
able testing of elements is necessary. 
While the basic element is designed 
for edge soldering for its connections, 


other mechanical aspects of its size 


and material do not make it readily 


adaptable to simple quick connections 
for testing. Working with engineers at 
R.C.A., Jettron Products Ine. has 
developed a test socket which permits 
efficient handling of the elements. 
The first socket designed was to be 
used in testing elements containing a 
transistor. It employed three independ- 
ent cantilever spring contacts formed 
to resist sideways deflection while per- 
mitting spring action against specific 
contact areas of the element (Fig. 1). 
Contact was made through the edge 
of the spring and the element was 
positioned laterally by two corner stops. 
This design was exploited in principle 
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Ung Udder Control 
SS GUARDIAN, 
IMPULSE RELAY 


featuring 


SERIES 


REDUCED COSTS 


bronze driving pawl 
and stop 


GREATER EFFICIENCY flat phosphor bronze 
return spring 


nylon ratchet and cam 


molded nylon bobbin 


~ 


positive non-jamming stop 


ea unique features of Guardian's Series 670 Impulse Relay insure 
trouble free operation well in excess of one million steps. Each 
momentary impulse (up to 10 steps per second) causes relay 
to reverse its cam actuated contacts. Contact arrange- 
See these — up to ae and ong che 1500 watts non- 
aud other inductive, or up to amperes loc motor current, 
2 cog a load —- oe — = = oes Coil 
voltages to or ‘ plications 
Booths 2502-2504 include on/off control of lights, ae 
1.R.E. Show appliances and speakers, among others. 


Write for information on these and other Guardian Controls 


Rotomite Continuous Duty Stepper Hermetically Sealed Relay No. 24 A.C. Midget Solenoid 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 
1627-C W. WALNUT STREET, CHICAGO !2, ILLINOIS 
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only, however, since several objections 
were obvious, the main one being the 
lack of universality. 

A universal test socket for all tran- 
sistors was the next step in the de- 
velopment. Four three-fingered contacts 
were employed in place of the three 
single contacts (Fig. 2). The contact 
fingers were doubled so as to make 
contact with both the top and the 
bottom of the element. Two sets of con- 
tacts, 90 deg apart, were stationary 
while the other two sets were mounted 
on pivots, permitting easy insertion and 
removal of the element. Connection to 
the pivoting contacts was by means of 
flexible braided cable feeding through 
the base. The basic socket was mounted 
in an octal base to permit test work 
to be carried out on existing equipment. 

In a further design refinement (Fig. 
3) the pivoting arms were molded of 
an insulating material and single- 
sided 


double contacts having proved to be 


contacts were emploved. the 


unnecessary. since the element ter- 
mination always extended beyond the 
thickness of the element. 

To improve the universality of the 
test socket. the next step was to design 
a unit with 12 independent contacts 
which could be used in testing elements 
containing besides tran- 
sistors. The final development is shown 
in Fig. 4. Edge contacts are used be- 
cause of their small space require- 
ment and high contact pressure. In- 
stead of spring contact fingers, rigid, 
pivoted contacts are used with contact 


components 


pressure being supplied by a separate 
spring having twelve cantilevered arms. 
Each contact is molded into an insu- 
lating hub and a cam surface on the 
centact face provides for easy entry 
of the element. A step on the face of 
the contact serves as a stop and as a 
prepositioning means. Contact fingers 
pivot on four shafts. two of which are 
entrapped by the other two, which in 
turn are held in place by snap-ring 
retainers. Electrical connections to the 
contacts are made by flexible ribbons. 


CONTACT SPRING 
CORNER STOP 


Fig. 1—Socket for testing three-terminal 
transistor elements. 


FIXED 
CONTACTS 


mol) 
MOVEABLE CONTACT ARMS 
(METALLIC) 


Revision of unit shown in Fig. 
1 to accommodate wiring variations. 


Fig. 2 


These being — effectively 
springs themselves, are formed so that 
their spring action supplements the 
pressure spring rather than opposes 
it, thus assuring adequate contact pres- 
sure against the element. 

The molded base and stop block of 
the assembly are made of nylon-filled 
phenolic. The springs and _ contact 
elements are beryllium copper with 
conducting parts heavy 
coating of silver. Connectors are soft 
soldered to the contacts and _ press 
fitted into the base. Insertion of the 
micro-element into the socket is ac- 


connectors, 


receiving a 


Test and Measurement 


Testing Bearings 
For Life Expectancy 


OrpiNariLy, life-expectancy testing of 
ball bearings leads to many inconclu- 
sive and ambiguous findings. A new test 
method giving quick, positive, and accu- 
rate results in bearing testing has been 
developed by Officine RIV di V illar 
Perosa, Corso Matteotti 51, Turin, Italy. 

The general formula for the life of a 
bearing may be expressed as: 
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c\™ 
v-(£) 
0 


where 
\ bearing life in millions of rev 
C = characteristic constant for each 
bearing 
QO load in kg 
m= =constant depending on contact 
surface configuration 
Due to the considerable dispersion 
presented by results of fatigue testing 
and to the fact that tests are performed 


FIXED 
CONTACTS 


OCTAL 
BASE 


“MOVEABLE CONTACT ARMS 
(INSULATING) 


Fig. 3—Further development of transistor 
test socket mounted in octal base. 


CONTACT CAM SURFACE 


STOP 


—_ STOP BLOCK 


PRESSURE 
SPRING 


<< 
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SOP 
sl ee ast 


Fig. 4—Universal socket for testing 
variety of elements with 12 possible con- 
nections. 


complished by laying the element on 
the contacts and pressing it down along 
the cam faces until it is stopped. Re- 
moval is best accomplished by using 
tweezers. For the most delicate ele- 
ments, special handling tools have been 
devised to prevent excessive stresses. 


at rising, but discontinuous, values of 
load and speed, some uncertainty exists 
as to the value of m, which varies be- 
tween 3 and 4. 

Numerous experiments with a special 
test machine (see figure on page 158) 
have led to a re-evaluation of m. The 
new values are 3.83 for ball bearings 
and 4.5 for roller bearings. The old 
values obtained by conventional con- 
stant-load testing methods were 3.43 
and 4, respectively. 

In the interlocked bearing drive and 
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RED/ LINE 
timing relays ‘‘Pay Off’’! 


After trying several other time delay devices 
in their automatic control equipment for 
carbon arc lamps, design engineers at Macarr 
Inc. turned to G-V Red/Line Timing Relays. 
By holding in a current limiting resistor in the 
circuit until the arc had struck, the Red/Line 
Relay provides complete continuity of opera- 
tion and lengthens the life of the DC power 
supply feeding the carbon arc. As an added 
advantage, it also facilitates smooth, soft 
starting of the carbon arc. So, at Macarr, the 
high quality of G-V Red/Line Timing Relays is 
‘‘paying off’’. 


G-V CONTROLS INC. 


Livingston, New Jersey 


TELE aY 


More and more companies are finding the 
reliable performance of G-V Red/Line Timing 
Relays makes them best for their products. 
G-V Red/Line Relays will ‘‘pay off’’ in your 
product, too. Your customers appreciate the 
importance of high quality, reliable compo- 
nents. G-V Red/Line Timing Relays are spe- 
cially designed for industrial applications. 
They have the precision, reliability and long 
life needed to ‘‘pay off’’ in industrial use. 


Your G-V distributor has them in x a 
stock now. Call him or write 4 
for Bulletin 131 today. 
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progressive loading system (see illus- 
tration) the bearing under test is driven 
at 1000 rpm by an electric motor 
through a constant-ratio gear. The load 
is applied through a lever system 
weighted by P,. The weight is displace- 
able along the lever arm through the 
threaded rod, V, rotated by the bearing 
motor via the constant-ratio gear. The 
level arm and, consequently, the load 
applied to the bearing are continuously 
variable, the load variation being me- 
chanically locked to the bearing speed. 
Lever balancing and initial loading are 
provided by a second weight, P.. A 
totalizer mounted at the tip of the 
threaded rod records the number of 
revolutions performed by the worm 
(loading) and, since the two move- 
ments are locked together, the number 
of revolutions performed by the bear- 
ing. To alter the loading rate between 
two tests, weight rings are added to or 
removed from the plate of P,. 

Source: Senigalliesi D.. “La durata dei 
cuscinetti a rotolamento sotto carico pro- 
gressivo” in Ingegneria Meccanica (Italy), 
8 (6), June 1959. (European Technical 


Digest, November 1959.) O00 


Ceramic Filters Replace 


Intermediate-Frequency 
Transformers 


DiIsK-SHAPED RESONATORS Composed of a 
piezoelectric ceramic have been applied 
to i-f stages in a transistor portable AM 
radio. The original design of the re- 
ceiver required one double-tuned and 
two single-tuned i-f transformers. A cir- 
cuit modification was made so that a 
ceramic impedance coupler in conjunc- 
tion with a ceramic emitter bypass 
(Figs. 1 and 2) could be installed in 
place of the four original tuned cir- 
cuits. Figure 3 is a schematic diagram 
of the new circuit. 

The TO-01-A “Transfilter” is an in- 
terstage coupler, resonant at 455 ke, 
which provides impedance coupling be- 
tween the first and second i-f stages. 
The TF-01-A is an emitter-bypass fre- 
quency-selective element, also resonant 
at the i-f frequency. The two ceramic 
filters, made by Clevite Electronic Com- 
ponents, 3405 Perkins Ave., Cleveland 
14, Ohio, provide selectivity comparable 
to that obtained with the original LC 
circuit, 

In addition to the saving in cost of 
components achieved by the redesign of 
the portable radio, i-f alignment is sim- 
plified considerably. The resonant fre- 
quency stability of the piezoelectric 
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Interlocked bearing drive and progressive loading system. 


Fig. 1—Clevite “Transfilter” ceramic i-f Fig. 2—Model TF-01 emitter bypass for 
impedance coupler Model TO-01. transistor AM receiver. 
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Fig. 3—Intermediate-frequency stage of transistor portable receiver using ceramic i-f 
filters in place of: conventional i-f transformers. TO-01-A is impedance bypass and 
TF-01-A is emitter bypass. 
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\y fe “ff me SEE 
PS. MERKLE-KORFF 


Geared Motors are our business. Perhaps your 


| : a j firm is one of the hundreds of companies that 
an have made use of the Merkle-Korff Application 
| oN ' f Engineering Laboratory in developing the best 


polishers, vending machines, martini blenders, 

2 photo copy equipment—these are but a few of 

my \ Lf : : the geared motor applications we have helped 
7? to develop—we can help you too. 


er : a“ Merkle-Korff Geared Motors are purchased for 
Rabaeeacs) si, ass their dependability, availability, and our ability 
— to properly design the motor that best meets 

all application requirements. 


TORQUE M.K. Geared Motors are available in 
complete range of continuous duty. Torques from 
10 to 300 pound-inches. 

R.P.M. 800 R.P.M. to 1 R.P.M. and much lower. 
One MK motor in stock makes one revolution 
every 300 years. 

MOTOR TYPES Over 400 types in stock includes: 
induction, synchronous, wound shaded-coil 
reversible, tandem reversible, universal and D.C. 
MOUNTINGS Base, no base, inverted, vertical and 
wall mounted. 

ACCESSORIES Electromechanical brake, thermal] 
overload, cooling fan, leads; to name a few. 
Output shafts can be furnished with flats, holes, 
keyways, slats or made to your specifications. 
KNOW HOW You gain the services of 49 years of 
design experience when you use the facilities of the 
M K Application Laboratory —no obligation of 
course—write, phone or wire today to: 
MERKLE-KORFF GEAR CO., 211 North Morgan Street, 
Chicago 7, Illinois; MOnroe 6-1900. 

Teletype number CG1930 or circle number 

on the attached inquiry card. 


MERKLE-KORFF GEAR CO. 
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10 to 
+-85 C (0.06 per cent variation per de- 


ceramic, 20.1 per cent from 
cade of time), is a further advantage 
gained by the use of these elements 
in LC filter circuits. 

Other units in the “Transfilter” line 
include combination ceramic filters that 
offer 50 db rejection outside 4 to 20-k« 
passbands on a 455-ke center frequency, 
and ladder filters with up to 90 db out- 
side passbands from 4 to 50 ke and 


shape factors up to 1.2 to 1. oo 9 


Magnetic Counting 
Device 


IncREMAG R is a transistorized mag- 
netic counting device that delivers an 
output pulse after having received a 


Design Note 


predetermined number of input pulses. 
It is automatically reset during the 
delivery of the output pulse so that 
another count can start. Circuit ad- 
justment (by means of selector switch) 
can make possible counts up to 16 per 
stage. Odd as well as even counts are 
obtainable. Can be furnished with a 
built-in gate which may be used to 
turn the counting action on and off by 
means of a bias current supplied by an 
associated circuit. Can be cascaded or, 
by means of some additional circuitry, 
can count in sequence. Standard indus- 
trial units have operating temperature 
10 to +-50 C; special mili- 
tary units built to order to cover range 
of —55 to +-125 C. Counting rate is 
100,000 per sec max. Minimum of 5 
microsec is required between input 
pulses. Input may have any waveform, 
provided 


range of 


wave has a volt-sec area 
greater than a specified value and that 
trailing edge of wave or pulse falls 
faster than a specified rate. Input 
power varies with application. Can be 


constructed for any specified supply 


Brush Length-Spring Length Proportion 
For Small Electrical Machines 


WILLIAM E. SPRINGER 
New Products Engineer 
Rospins & Myers, Inc. 
Springfield, Ohio 


LIMITING DIMENSIONS such as the out- 
side diameter of a motor or generator 
and commutator diameter determine the 
maximum length of a brush holder and, 
in effect, the maximum length of a brush 
plus its spring. Brush manufacturers 
have made available extensive infor- 
mation and designer guidance for the 
selection of brush materials, grades 
and cross-sectional areas for various 
types of service and operating condi- 
tions; this information is well based 
and should be used for these consider- 
ations. One primary question is not 
answered by these guides, however: 
how should the available space be dis- 
tributed between brush and spring 


particular application. The required 
data are brush area, distance of com- 
mutator surface to brush holder cap, 
and the spring-wire material to be 
used. The last question must be ex- 
plored. 

Spring-Wire Material. The four com- 
monly used brush spring materials are 
steel music wire, stainless steel type 
302, phosphor bronze and beryllium 
copper. A brush spring made from any 
one of these materials can usually be 
designed to produce the desired range 
of force on the brush. Their physical 
and electrical properties and cost dif- 
ferences determine selection. 

From the data in the table herewith. 


Brush Spring Material Properties 


Adjustable pulse counter. 


voltage between 1.5 and 24 volts. Fixed- 
count units have a volume of about 
0.75 cu in. 


it is evident that music wire and stain- 
less steel wire should be used only with 
brushes which are adequately shunted. 
Their high electrical resistance will 
cause them to heat if they are required 
to carry even a relatively small amount 
of current, and a rapid loss of elastic 
properties will result. Other factors 
which limit the use of music wire are 
corrosion and the temperature of the 
air surrounding the brush holder. If 
these factors are not a problem, music 
wire will make a very satisfactory and 
economical spring when used in con- 
junction with a well-shunted brush. 
Stainless steel springs are usually a 
very good choice for applications em- 
ploying a well-shunted brush. They will 
withstand a higher temperature than 
any of the other commonly used ma- 
terials, and the corrosion resistance is 
quite good for most applications. Phos- 


Corrosion | 
resistance | modulus 
retention of of 
operating | Copper | endurance elasticity 
temp, = 100 properties, 
deg F per cent per cent 


Electrical 
Maximum | conduc- 
safe | tivity 


lengths? Within the limits established 
by machine and commutator dimen- 
sions, the longest possible brush is de- 
sired for maximum usable brush life, 
but at the same time “adequate” space 
should be left for a spring that will ee, ; 
give the proper range of force through- 
out the brush life. 

A procedure has been evolved to 
attack this problem systematically. 
With the method to be outlined, a best 
combination of brush and _= spring 
length can readily be found for any 


Torsional | Safe 


limit of 
maximum 
stress 
=G =S§ 
lb/sq in. lb/sq in. 


Material 


Steel music 

wire 250 8 8 
Stainless steel 

Type 302 4 63 
Phosphor 

bronze 92 
Beryllium 

copper 94 


11,500,000 90 ,000 


10,000 ,000 80 ,000 


6,250,000 38,000 





7,500 ,000 60 ,000 
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much 
Philco 
per unit 


with | this Shakeproof 


Ideas like this are important to you whether you make refriger- 
ators or not. This one is typical of Shakeproof ingenuity in 
research and development that daily creates new ideas for 
industry ...ideas to improve product performance, to speed 
assembly operations, to lower total costs. It represents the 
kind of creative engineering characteristic of Shakeproof de- 
signers and engineers who are available to visit your plant, 
to study your assembly methods and problems and to design 


ingenious new fastenings for your specific application. 


WRITE FOR THIS FREE ‘ 
BOOKLET, ‘‘How to Find Extra 4 
Profits in Your Products." = 


lt gives examples of Shakeproof 
fastening ideas, how they are being 
used by leading manufacturers in 
every industry, and how Shakeproof 
fastening ideas can work for you. 


he 


7 


TO SHAKEPROOP = 


°F 


The idea that is saving money for Philco is the Shakeproof® 
Trim Mounting Thread-Cutting Sems designed so that decora- 
tive molding strips can be snapped into place over the fastener. 
This eliminates a previous three-part fastening operation and 
the related disadvantages of locating and holding the bolt while 
the nut is applied from the opposite side. Shakeproof's Trim 
Mounting Sems cuts its own thread and eliminates the need 
for a sealant, too, as the nylon washer is drawn down tightly 
to serve as an effective sealer. 


‘‘FASTENING HEADQUARTERS '’® 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charlies Road, Elgin, Illinois 
In Canada: Shakeproof/Fastex 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Millis, Ontario 


SHAKEPROOF 
A 


TRE LEADER IN FASTENING 
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phor bronze and beryllium copper are 
the only materials which should be 
considered for use with unshunted 
brushes, and then only within limited 
current values. Their safe limits of 
current-carrying capacity depend upon 
the wire diameter of the spring. A 
phosphor bronze spring will be affected 
sooner by elevated temperatures than 
any of the other three materials. For 
this reason, it should not be considered 
for applications which are not well 
ventilated or under high ambient con- 
ditions. Beryllium copper will with- 
stand elevated temperatures much 
better. Both of these materials have 
high corrosion-resistance properties. 


Spring and Brush-Length Determina- 
tion. The design of brushes and their 
springs for electrical machines is ra- 
tional, but involves the use of many 
“factors” which have been empirically 
evolved; that is, they express the re- 
sults of experience and experiment. 
Actually, such factors are in exactly 
the same status as accepted values of 
mechanical strength of various metals, 
of viscosities of particular liquids, and 
so on, which are determined empiri- 
cally and then used without question. 
For instance, machine designers and 
brush manufacturers have found that 
a useful value for “maximum brush 
spring pressure for a new brush” is 
5.33 Ib/sq in. This is a key factor in 
brush and spring design, and is here 
represented by the symbol R. The 
value should be higher if the brush 
application is for d-c only; for ma- 
chines subject to considerable vibra- 
tion or high altitude duty a value of 
8 lb/sq in. is considered maximum. 

For the required brush pressure the 
diameter of spring wire, in inches, 

1/3 
2.55 P,D 
S 


where 


D mean diameter of coil spring, 
in. = Do, — d 
dD, outside diameter of spring 
brush holder I.D. 
minus 0.01 to 0.015 in. (for 
first approximation, estimate 
D = 0.94 D,) 
rm max force on a new brush, 
lb = RA 
= max brush spring pressure 
== 5.33 Ib/sq in. (usually) 
= cross-sectional area of brush, 
sq in. 
= safe limit of maximum stress, 
lb/sq in. (see table) 


coil = 


If the calculated d is not a standard 
wire size, select nearest larger stan- 
dard size. Recalculate mean coil di- 
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a 


Nev 


Brush and spring dimension symbols. 


ameter D with actual wire diameter d. 
For the number of active coils in the 
spring, a number of factors is required: 


F, == maximum spring deflection, 
in., 


8P,D°N 
Gd‘ 


minimum working length of 
spring, in. d(N + V 
4. 2) 

free length of spring, in. 

F, + L, 

- ideal maximum new _ brush 
length, in. = T — t — L, 
(Note: Let B, = _ nearest 
standard fractional dimen- 
sion below calculated  di- 
mension. “Length” is that be- 
tween the spring and the 
commutator surface. Brush 
manufacturers, however, in- 
clude the brush “head” in the 
length dimension, so that this 
should be allowed for in 
translating calculated brush 
length into a purchase speci- 
fication. ) 
torsional modulus of elas- 
ticity of spring material, lb/sq 
in. (see table) 

- “worn-out” brush length; se- 
lect for application and con- 
ditions 

— maximum working length of 
spring, in. = (T — t) — B, 
== total number of inactive coils 
== 3 or 4 (usually) 
minimum total coil clearance, 
in. == 2d 
Then, number of active spring coils, 


L, — dV +2) 


2P,D* 
Gd‘ 


} 
i 


+d 


This expression is derived as follows: 


ih Be 


brush 


assembied 


Brust 
head 


Brushholder 
insert 


F,=L-L, 

F,+L,=F,+10, 

L,=H+c, H=d(N+VW 
and c = 2d 

L, = d(N + V + 2) 


Spring modulus th 
In standard practice, P, 
F, = 0 75 F, 
F, +d(N + V 42) =0.75 F, +L, 
0.25 F, +d(N+V+2)=L, 
Using deflection equation, 
_  8P,DIN 
a 


2P,D'N ; . 
L =a t+ aN + dV +2) 


for N 
OOO 


from which the 
follows. 


expression 
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Fabricated Steel 
Motor Frame* 


O. Ausprey Roenrs 
Mechanical Design Engineer 
Century Evectric COMPANY 
St. Louis, Missouri 


IN A TOTALLY ENCLOSED fan-cooled 
motor the windings and rotating parts 
are completely enclosed in a housing 
which excludes dirt, moisture and ex- 
ternal air. The motor depends for cool- 
ing on radiation and the passage of 
* Based on an award design submitted in the 1959 


machine design competition sponsored by the James 
F. Lincoln Arc Welding Foundation, Cleveland. 
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of specific interest to engineers 


capacitor 
characteristic 
designation 


and the story is told that Pelops was the son of 
Tantalus and the grandson of Jupiter. He was slain and 
served up before the gods by his own father, who wished 
to test the omniscience of the Olympians. They were not 
deceived, however, and would not touch the cannibal 
feast. But Demeter (Ceres), absorbed in grief for the 
loss of her daughter, Proserpina, tasted of the shoulder 
before she discoverd what it was. Jupiter restored Pelops 
to life, and replaced his shoulder with one of ivory, whence 
the ivory shoulder of the sons of Pelops became a proverbial 
phrase for the distinguishing or distinctive mark of any- 
one, since all the descendants of Pelops bore this charac- 
teristic, — Greek Mythology 


The word “Characteristic” can mean many things in 
the description of capacitors. This article is aimed at 
removing some of the jargon associated with the term 
and clarifying its meaning and application to various 
capacitor types. 

An indicator for “characteristic” is found in the 
nomenclature of many types of capacitors. It does not 
mean the same “distinguishing or distinctive mark” for 
all types. This is sometimes a source of confusion for 
equipment design engineers. 


Typical examples of . SBATH04104 
product nomenclatures . CBIINDIOI1K 
including a ‘‘characteristic’’ . SMDATK 04104K 
identifier are: . CE34CI101E 
CM15 E101K03 


Items 1 and 3 are Sangamo nomenclatures for impreg- 
nated kraft tissue dielectric capacitors. Item 2 is a MIL type 
designation for a button style mica capacitor. Item 4 is a 
MIL type designation for an electrolytic capacitor. Item 5 
is a MIL type designation for a plastic encased, axial wire 
lead mica capacitor. 

The important information meant to be conveyed by the 
characteristic letter is shown below for Paper, Electrolytic 
and Mica capacitors. 


PAPER CAPACITORS 


this letter tells us: 

1. The specific impregnant used in the dielectric. “H” is 
Sangwax, and “K” is Etherm. Detailed information 
on these impregnants is set forth in Sangamo Reference 
Data File—Folio 59-2. 


In the case of Sangamo products, 


REFERENCE 
DATA FILE 


Folios 59-1 through 59-8 are now available for 
your files upon request at no charge. 


. High and low ambient test temperatures. 

. Minimum insulation resistance at 25°C., and at the high 
ambient test temperature. 

. Maximum capacitance change (in per cent of the initial 
value) from 25°C. to the low ambient test temperature. 

. Voltage (in per cent of rated) that can be applied to 
establish accelerated life performance capability. 

. Maximum and minimum allowable service operating 
temperatures consistent with normal life expectancy. 


ELECTROLYTIC CAPACITORS The identifier letter spells 


out the working temperature range of the product as maxi- 
mum and minimum values in degrees Centigrade. The inher- 
ent capability to perform is adjusted by: 
a. Selection of insulating separators. 
b. Formulation and control of the conductive electrolyte. 
c. Selected processing techniques. 
The performance parameters affected are: 
I. At reduced temperature: 
a. DC leakage current. 
b. Capacitance change (in per cent of the initial room 
temperature value). 
c. Equivalent series resistance. 
d. Impedance. 
. At high temperature: 
a. Capacitance change (in per cent of the initial value). 
b. Equivalent series resistance. 


MICA CAPACITORS The characteristic letter defines the 
capacitance stability of the unit during one “round trip” ex- 
cursion from room temperature to minimum and maximum 
temperatures specified for the capacitor, although it does not 
specify the operating temperature range. It further defines 
the maximum temperature coefficient of capacitance. In the 
case of transmitting types, certain characteristic letters will 
also be associated with a required fifty per cent derating of 
radio-frequency current specified for that type. 

The design factors affecting the “characteristic” 

ance of mica capacitors are: 

a. The physical configuration (style) of the product. But- 
ton style capacitors are most stable in the family of 
mica dielectric units. 

. The relative nominal capacitance value in the design 
range. High capacitance values are inherently more 
stable than low values. 

. The electrode design. Styles using electrodes of de- 
posited metal bonded to the dielectric plates (silvered) 
are more stable than styles using independent metallic 
foil electrodes. 

d. Selection of mica quality. 

e. Processing techniques. 


perform- 


It has been the purpose of this article to explore the mean- 
ing of the word “characteristic” as it applies to describing 
capacitor differences. While the term is used in a specific 
rather than a general sense, it serves its purpose to describe 
the “Ivory Shoulder” of the capacitor industry. 

$C60-! 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


-designing toward the promise of tomorrow 
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DESIGN TRENDS 


iir over its outer surfaces. As motor 
size increases, the ratio of electrical 
losses to radiating surface rises, so that 
it becomes more difficult to maintain 
internal temperature within allowable 
limits. The radiating surface 
must be increased, and conducting 
paths for heat to reach the motor outer 


motor 


surface must be improved. 

For comparison of cooling effective- 
ness, cost and other design factors, 
tests and analyses were conducted on 
a particular motor employing a con- 
ventional cast-iron frame, Fig. 1, and 
a fabricated steel frame, Fig. 2. Tests 
of the motor, which was a 60 hp, 1800 
rpm unit, showed excessive tempera- 
ture rise when cast-iron 
frame. In this frame, high-strength cast 
iron (33,000 to 36,000 psi) was used 
in order to reduce the section thick- 
ness and weight as much as possible. 
The intricate pattern required for the 
cast frame and the special material 
were high cost factors, which together 
with the unsatisfactory test results led 
to the design of the fabricated steel 


using the 


frame. 

For the fabricated frame, Fig. 2, a 
3g-in. plate was sheared to required 
width and length, rolled into a cylinder 


Pyrotechnic Charges 
Drive Missile Gyro 


A MODERN VERSION of the “Aeolipile,” 
a reaction steam turbine first described 
by Hero of Alexandria, has _ been 
adopted as the rotor of a gyroscope 
designed by Short Brothers & Harland 
Ltd., Belfast, No. Ireland. Instead of 


Fig. 1—Diagram of a gyroscope with two 
degrees of freedom used in the Seacat 
missile. The gyro operates on the same 
principle as that of a steam-driven toy 
invented 2000 years ago. 
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Fig. 1—Conventional cast frame for 60 hp 
motor employs high-strength iron to 
minimize dimensions and weight. 


and butt welded. Cooling fins were 
formed in “U” shapes from 18-gage 
strip and welded to the frame with a 
light continuous arc weld. The continu- 
ous weld was necessary for thermal 
conductivity. The resulting frame struc- 
ture weighed 135 lb before machining, 
compared to 419 lb for the cast-iron 
design, from a master pattern; it is 
estimated that a _production-pattern, 
cast-iron frame would weigh 356 Ib. 
The test on the motor using the fab- 
ricated frame showed a drop of 5 C 
compared with that of the cast iron 
design, bringing the total motor tem- 


Fig. 2—Model launcher and Short Seacat 
guided missiles that incorporate gyros 
driven by pyrotechnic charges. 


steam however, a pyrotechnic charge is 
used to propel the rotor. The exhaust 
gases escape through tangential jets as 
illustrated in Fig. 1. Pick-off may be 
by d-c potentiometer, a-c transducer, or 
commutator. Pyrotechnic energization 
allows acceleration from rest to maxi- 
mum speed in approximately 0.1 sec at 
normal ambient temperatures. 

The gyro, manufactured in the U. S. 
by Giannini Controls Corp., Pasadena, 
is used for roll stabilization of the 
Royal Navy’s Short Seacat anti-aircraft 
guided missile (Fig. 2). Oo0Oo 


perature rise within permissible limits. 
This can be attributed to the improve- 
ment in thermal conductivity in the 
fabricated steel frame. 

The steel design is 62 per cent 
lighter and offers a 48 per cent sav- 
ing in labor and material cost. The 
fabricated frame offers design flexi- 
bility, as modifications for particular 
motor applications may be accom- 
plished without costly casting pattern 
changes, and it also gives the finished 
motor a smooth finished appearance. 

O00 


Fig. 2—Welded-steel motor frame, show- 
ing use of shaped cooling fins and at- 
tachment of subassemblies for the feet 
and terminal box. 


New Proximity 
Limit Switch 


C. R. MARCUM 
GENERAL EQUIPMENT AND 
MAnuracturine Co. 

Louisville, Kentucky 


MACHINE-TOOL BUILDERS and compo- 
nent manufacturers are constantly seek- 
ing new devices to take the place of 
the mechanical limit switch (admit- 
tedly the major cause of electrical fail- 
ure in machine-tool controls). Cool- 
ants, impact, speed of operation, mois- 
ture and life expectancy are all sources 
of difficulty in the operation of me- 
chanical limit switches. In many cases, 
these problems have been solved by 
the replacement of the mechanical 
limit switch with a magnetically oper- 
ated proximity switch which has no 
physical contact with the item being 
controlled. 

Most proximity switches operate on 
the basis of an electrically energized 
magnet with a separate winding in 
which a signal is produced when a 
ferrous object comes within the mag- 
netic field. The signal is then ampli- 
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We promise you a reply by telephone or wire within 48 hours after receipt of your inquiry! 


new openings 
In space age 
electronic projects 


Hughes Engineering Division offers experienced graduate Use of the following forn 
engineers and physicists a choice from nearly 100 openings the inconve 
on Hughes projects which include will still permit us to give you 
Digital Computer for Poiaris Guidance oa steht ces iMate TL co-T naa cant 
Infrared Applications for |CBM Surveillance Mr. Robert A. Mart Supervisor, Scientific Emp! 


ST lt eas] HUGHES ENGINEERING DIVISION 
Satellite Communications Culver City 4. Calif 
Pulsed Doppler Radar for Anti-Submarine Warfare a Cader 
Advanced Ajir-To-Air Missiles 
Automatic Check-Out Equipment 
Space Radiation Measurement and Detection 
Training and experience should be applicable to the research, H S| |e HH = rel 
development, design and testing of advanced electroni 
equipment for use in space vehicles and supersonic military 
aircraft; in solid state physics, nuclear electronics, industrial 
dynamics, and related areas ENGINEERING DIVISION 


ADDRESS__ 


SN OE | 
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i have had professional experience in the following specific areas: 


CIRCUIT ANALYSIS ELECTRO-MECHANICAL 
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DESIGN 
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Armature 
assembly 


Ainico "h Ainic 
mananet ' Qo 
— magnet 


Hermetica ly 
sealed 

hd brass 
housing 


Epoxy 
potting 
compound 


Terminal 
block 


Fig. 1—Switch operates on basis of two 
permanent magnets, one slightly stronger 
than the other, to retain a moving con- 
tact until the introduction of a foreign 
ferrous object disturbs the balance by 
weakening its field. 


Motor Mounts 
Made of 
Formed Wire 


THE USE OF formed and welded wire 
assemblies as fractional-hp motor 
mounts offers advantages over more 


Fig. 1—Wire form at right serves to mount the fan motor on 
the sheet metal box and also provides protection from the 
fan blades which is not afforded by the stamped metal support. 


Fig. 3 


Combined motor-mount and belt-tensioning device at 
the left is twice the weight of a unit designed from formed and 
welded wire. The wire unit also provides quieter operation. 


fied and used (usually) to energize a 
relay. A newly developed proximity 
switch (Fig. 2), utilizes permanent 
magnets with a built-in double-throw 
contact arrangement to eliminate the 
necessity for the amplifier and relay. 

The switch contacts (Fig. 1) are 
hermetically sealed within a brass en- 
closure, eliminating the possibility of 
the entrance of moisture, oils or vapors. 
The armature is positioned within the 
field of two magnets in such a manner 
that one magnet holds the armature 
to establish a normally closed circuit. 
The second magnet provides a biasing 
force normally not quite capable of 
moving the armature. 

The two magnets are assembled with 
like poles at the same end so that the 
switch may be mounted on steel with- 
out disturbing its operation. Likewise, 
relatively strong external magnetic 
fields, affecting both magnets equally, 
will not cause a false tripping of the 
switch. However, when a piece of fer- 
rous material moves into the sensing 


conventional mounting methods such as 
savings in amount and cost of materials 
used, weight reduction, providing a 
degree of vibration damping, and im- 
proved appearance. In some applica- 
tions, the use of wire motor mounts 
also creates less resistance to air flow 
than sheet metal, stamped or cast-metal 
mounts, 

The wire of which the mounts are 


at 


Fig. 2—Newly designed proximity limit 
switch is 14. x 14% x 4% in. 


area adjacent to the normally closed 
side of the switch, enough flux lines 
from the holding magnet are shunted 
away from the armature to cause it to 
be attracted to the other magnet. Opera- 
tion of the switch is thus achieved. 
The switch is capable of operating 
up to 3600 cycles per min and is rated 
electrically for 2 amp at 125 volts a-c. 
It mounts in any position and is re- 
sistant to vibration and shock in an 
ambient temperature range from —50 
to +250 F. It can be set to be sensi- 
tive to objects within 1% to 5% in. 


constructed may be galvanized steel, 
coppered wire, cadmium-plated wire, 
stainless steel or other material. The 
welded forms, as designed by E. H. 
Titchener and Co., 57 Clinton Street, 
Binghamton, N.Y., may be plated, 
painted or even given an elastomeric 
coating (Plastisol), if required. 

Typical applications of the wire 
forms are illustrated. 


Fig. 2—Original mounting assembly at left is contrasted with 
a welded-wire motor mount for this space heater. 


Fig. 4—This open wire mount weighs 65 per cent less than the 


stamped motor mount it replaces and permits the motor hous- 
ing to extend down between the wires to reduce the overall 
height of mount and motor by 4 in. 





Whatever you manufacture... 
your motors can be Completely 
Protected Against Burnouts 


““" KLIXON TOTAL 
PROTECTORS 


Klixon Total Protectors Are Available 
To Meet Your Exacting Protection 
Requirements Against The Following 


Motor burnouts are costly . . . costly to the equipment 
manufacturer ... costly to the equipment user. You 
can safeguard your equipment against motor failures 
by specifying and using motors with built-in KLIXoNn 
Total Protectors. 


Here’s how you benefit — motors operate at safe maxi- 
mum output without premature failure . . . motor re- 
pairs, replacement and service calls are minimized .. . 
product reliability is assured .. . customer satisfaction 
is maintained. 


Ask your motor supplier about the advantages of 
KLIxon Total Protection. The additional cost is low 
... the savings high. Write for Bulletin MOPR4. 


Conditions. 


Running overload with or without high 
ambient or ventilation blocked 

Locked rotor normal voltage such as 
caused by mechanical failure or driven 
load 

Locked voltage 
where decreased torque is insufficient to 


rotor caused by low 


start load. 


Locked rotor with main winding only in 
circuit resulting from open circuit start 
switch or open circuit in reversing switch. 


Locked rotor with start winding only in 
circuit, such as that resulting from an 
open main winding circuit or open circuit 
in reversing switch 


Running with both start and main wind- 
ings in the circuit resulting from start 
switch failure in closed position or low 
voltage which prevents reaching switch- 
over speed. 

Over 200,000,000 motors are protected 


against overheating and burning out with 
KLIXON PROTECTORS. 


“~ TEXAS INSTRUMENTS 


SPENCER PRODUCTS 


® 3603 FOREST STREET e 


INCORPORATE 
METALS & CONTROLS DIVISION 


ATTLEBORO, MASS. 


Spencer Products: Klixon® Inherent Overheat Motor Protectors « Motor Starting Relays « Thermostats « Precision Switches « Circuit Breakers 
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select the 
motor 


THE MARK OF QUALITY 


Eee 
RE 


needed for 


your 
application 


Did you know that Barber-Colman Company makes both a-c and 
d-c motors? On these pages we have tried to tell very briefly a 
little about each of our motors. Featuring high quality at low cost, 
Barber-Colman 115 volt a-c (6-220 volt optional) shaded pole 
motors are excellent for commercial and industrial applications. 
Barber-Colman d-c precision motors are available in a variety 

of voltage ranges, styles and specifications to meet airborne and 
industrial applications. Look at the motors illustrated and 

then ask us for more literature on the one that interests you most. 


VISIT US AT I.R.E. SHOW 
BOOTHS 2242-44 NEW YORK COLISEUM e MARCH 21-24, 1960 


A-C SHADED POLE UNIDIRECTIONAL MOTORS 
FOR COMMERCIAL APPLICATIONS 


AYAA — DYAA — KYAA 
Specifications: 
Rated horsepower — ..0007 to .0010 
Length 1-1/8” plus shaft 
Dimensions... ..2-7/32" x 2-1/4” 
Remarks ....Exceptionally small 
and compact 
Typical applications — fan blades, 
blowers, reroll chart drives, pho- 
nographs, and gear trains. 


DYAF — KYAF — OYAF — CYAF 
Specifications: 
Rated horsepower .. ..0045 to .032 
Length 1-5/8” to 2-9/16” 


plus shaft 
2-21/32” x 2-3/4” 
Remarks .... High running torque 
Typical applications — fans for 
heaters, deodorizers and elec- 
tronic equipment; blowers and 
gear trains. 


168 


DYAB — KYAB 


Specifications: 

Rated horsepower . ..0017 to .0066 

Length ....1-5/8” to 2” plus shaft 

Dimensions. . . .2-3/8”"” x 2-19/32” 

Remarks .... High starting torque 

Typical applications — slide pro- 
jector fans, hair dryers and re- 
frigerators, vending machines, 
office machines, and rotisseries. 


AYAR — BYAR — CYAR — DYAR 
EYAR 


Specifications: 

Rated horsepower ... ..005 to .050 

Length 1-29/32” to 3-11/32” 
plus shaft 

Dimensions. ..... 3-1/8” x 3-1/4” 

Remarks High start or high 
power rotors available 


Typical applications — pumps, 
humidifiers, vaporizers, combus- 


tion and industrial controls. 


A-C SHADED POLE 
REVERSIBLE MOTORS 


AYAG — AYAE — BYAE 
Specifications: 
Rated horsepower .. ..00015 to .006 
Length 1-13/64” to 1-53/64” 
plus shaft 
Dimensions 
Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 
Typical applications — servomech- 
anisms, remote switching and po- 
sitioning devices, and pen drives. 


CYAE 


Specifications: 

Rated horsepower ......0055 to .04 

Length ..........3-1/8”" plus shaft 

Dimensions ........ 3-7/8" x 3-7/8” 

Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications—servomechan- 
isms, recording instruments and 
automatic weighing machines. 


A-C SHADED POLE 
SYNCHRONOUS MOTORS 


KYAJ — DYAJ 


Specifications: 

Rated horsepower .. . ..0043 to .0086 

Length . .1-3/4” to 2-1/8” plus shaft 

Dimensions .. .2-11/32” x 2-19/32” 

or 2-23/64” x 2-19/32” 

Remarks . . . Develop 30 times power 
of ordinary clock motors 

Typical applications—oscillographs, 
scoreboard timers, viscometers, 
facsimile recorders, x ray timers, 
and microfilm cameras. 
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A-C GEARED MOTORS 
SYNCHRONOUS UNIDIRECTIONAL 
REVERSIBLE 


Barber-Colman a-c geared motors 
provide ratios from 4:1 to 
1,333,800:1. Heavy duty gears and 
output shaft plus long life lubrica- 
tion add to the reliability of these 
geared motors. 


A-C 400-CYCLE MOTORS 


AYLO 
Specifications: 


6-115V D-C PRECISION PERMANENT MAGNET, 
REVERSIBLE MOTORS FOR AIRBORNE 
AND INDUSTRIAL APPLICATIONS 


BYLM 
Specifications: 
Rated horsepower 

intermittent duty 
Rated speed . .5,000 to 20,000 rpm 
Power input 7 to 155 watts 
Length * to 3.19” 
excluding shaft 
SOE koe cae ia twee: 1.50” 


up to 0.1 


DYLM — EYLM 


Specifications (EYLM only): 

Rated horsepower up to .055 
intermittent duty 

Rated speed . .5,000 to 20,000 rpm 

Power input 7 to 155 watts 

Length 1.83” to 2.45” 
excluding shaft 

Diameter 

DYLM is a split series motor in 
the same envelope. 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . .5,000 to 20,000 rpm 
Power input ........ 2 to 70 watts 
CO a. s 6 5&5: 085 1.77” to 2.40” 
excluding shaft 
RE S Lhanscaamedeenes 1.25” 
Features .constant brush pressure; 
R3 bearings; 3/16” dia. shaft. 


up to .055 


“\ 


GYLM with Matching gearhead 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . .2,000 to 24,000 rpm 
Power input 
ES OR eer 1.97” 
excluding shaft and gearhead 
Diameter 75” x 1.63” 
Remarks .. . Réctangular gearhead 
optional, as illustrated. 


up to .040 


Type ..Split-phase capacitor, squir- 
rel cage rotor 

Rated horsepower ...up to 40 mhp 
intermittent duty 

Voltage ... 

Rated speed ... .9500 to 11,000 rpm 
Length .. .2.20” excluding shaft and 
brake 
Diameter 
Brake ... 


BLOWERS, GEARHEADS, RIGHT-ANGLE DRIVES, 
FILTERS 


Gearheads Barber-Colman d-c motors can be 


adapted to a variety of uses. Sever- 


al sizes and styles of blowers and 
gearheads are available. Right- 
angle drives and multiple-shaft 


400-cycle brake optional 


outputs can also be had for special 


A-C & D-C TACHOMETER 
GENERATORS 


Right-Angle 
Drives, Filters 


applications. Radio noise filters 
furnished if desired. 


For Commercial Installations RRA ee RRR ORNS OE OTS SS LR RAE RS RRO EE 


Type AYAE a-c D-C BATTERY-OPERATED ECONOMY MOTORS 


reversible shaded 
pole motor acts as a 
low-cost, rugged, ac- 
curate, and depend- 
able a-c tachometer 
or rate generator. 


Specifications: 

Rated horsepower . .up to 0.5 watt 
continuous 

van e 4.5 to 30 V d-c 

ated speed’... .1200 to 6000 rpm 

AYAE (governed) 

Power input 

Length ...1.54” to 1.69” excluding 
shaft 

Remarks .. Patented integral gov- 
ernor for battery operation. Re- 
versible. 


Precision For Military Usage 
BYLM and FYLM 


generators are ca- 
pable of output volt- 
ages up to 40 volts 
per 1000 rpm, with 
high linearity and 
low ripple content. 
Excellent for servo 
rate feed back. 


BARBER-COLMAN COMPANY 
Dept. C, 1203 Rock Street, Rockford, Illinois 
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GRAM IX | COMPRESSOR BODY 


GENERAL ELECTRIC AIR CONDITIONER 


this GRAMIX part is a new concept in powder 
metallurgy techniques .. . engineered to meet 
requirements of GENERAL ELECTRIC’S new 
compressor design 


This large, complex shaped compressor body which is employed in air conditioners 
manufactured by General Electric is an outstanding example of a GRAMIX part engineered 
and produced to exacting specifications. As in all GRAMIX products of powder metal- 
lurgy, the alloy was created to meet exacting physical properties required in this particular 
application. Correct briquetting, controlled sintering procedures, precise finishing oper- 
ations and rigid quality control throughout the manufacturing process assures General 
Electric uniform, dependable GRAMIX parts. The production of this body as a 

product of powder metallurgy has also enabled General Electric to effect important 
design changes in their air conditioning units. 


GRAMIX engineers have the experience, the 
techniques and the equipment to produce top 
quality products of powder metallurgy. No 
matter what type of part you need, no 
matter what characteristics that part must 
possess, it will pay you to select GRAMIX 

. and get both “job-engineered” alloys 
and quality-controlled production to meet 
each specific operating requirement. 


nT ee 
Mj hattar, eal ig 
4 j Panne | & Ines Ss € 
ae ] ; Write today forthese 
4 helpful engineering 
manuals. No. 18 covers 
design and metallurgical 
requirements and alloy selection of GRAMIX 
= bearings. No. 19 covers GRAMIX Machine Parts and 
OM No. 21 contains general information on GRAMIX 
LM: products from Powder Metallurgy. 


THE UNITED STATES 


GRAPHITAR” carson-crapuire * GRAMIX” powoer merauurcy * MEXICAN” Grapnite prooucts © USG” erusues 
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IS VITAL PART IN 


This part is shown 12 times size. Actual weight: 2% Ibs. 


GRAPHITE COMPANY 


er OF THE WICKES oe SAGINAW 8, MICHIGAN 
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Just One Squeeze with IDEAL’s 
New “Custom Stripmaster”’ 
Removes Teflon” and Other 
Hard-to-Strip Insulations 


To help prevent wire nicking and 
insulation damage, these new IDEAL 
‘Custom Stripmasters’’ are precision 
drilled on watchmaker’s equipment. 


With Ideal’s new Custom Stripmasters, a light 
squeeze on the handles strips any wire completely 
clean and bare up to a full % inch. 


To help prevent nicking and scraping of wires, the 
Custom Stripmaster’s matched sets of blades are 
precision drilled on watchmaker’s equipment to the 
exact wire sizes. Counterbored blades ride on cut 
insulation to prevent scratching of stripped wire. 
Jaws grip wire firmly to prevent insulation damage. 
3 models available. Wire sizes from No. 10 to 30. 


* Reg. Trademark of DUPONT 


Custom ~;7 4 


Patented, No. 2,523,936 


r —_ 
! IDEAL INDUSTRIES, Inc. 
1008-C Park Avenue, Sycamore, Illinois 


Gentlemen: Please send catalog information on IDEAL’s New 
“Custom Stripmaster.” 


| Name pans 


Company _ 





Address _ 
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‘‘Details’’ Guide Small Motor Selection 


(Continued from page 131) 


tions include low-voltage, low-speed operation, water 
loads on fan slinger rings and low temperature ambients. 
Some measure of the starting ability of a motor on a 
given load can be obtained from its performance at 10 
per cent reduced voltage. Motors which are so applied 
as to have good speed stability under various load con- 
ditions will usually have sufficient starting torque. 
Shaded-pole and permanent-split capacitor motors are 
usually checked by determining the voltage required to 
begin to rotate the load. If this voltage is about 75 per 
cent of rated voltage or less, and speed stability is ac- 
ceptable, the application is acceptable. Split-phase and 
capacitor-start motors are usually acceptable from this 
standpoint if maximum load and minimum voltage con- 
ditions do not reduce the speed to the point where the 
starting switch closes. A motor which will not start on 
the lowest-speed operation should be started on the high 
speed and then switched to the low speed. This can be 
done with sequence switches or air-actuated switches. 
The sequence switch moves from the off position to the 
high-speed position and then to the low-speed position. 
Air-actuated switches open the low-speed circuit and 
close the high-speed circuit if there is no air flow. 

Underwriters’ Laboratory Listing. Most fan 
motors are designed in accordance with NEMA recom- 
mendations on electrical characteristics and dimensions. 
In addition, the motors are designed to meet safety 
specifications as set by such groups as the Underwriters’ 
Laboratories and Canadian Standards Association. 

Motors with thermal protection can be submitted to 
Underwriters’ Laboratories for listing as to approved 
thermal protection. There are several types of approval 
given by the Electrical Section of the Underwriters’ 
Laboratories. A motor with thermal protection which is 
approved for both locked-rotor and running conditions 
is “white card listed” and appears in the Underwriters’ 
Manual. Motors listed under this type of thermal ap- 
proval of protection are not dependent on external ven- 
tilation to meet temperature-rise limits. Therefore, the 
actual application is not important as long as the motor 
is loaded within nameplate rating limits. 

Fan motors which require “air over” are “yellow card 
listed.” This listing, made by the Electrical Section of 
Underwriters’ Laboratories, approves the motor and 
thermal-overload combination at locked-rotor conditions 
only. Motor performance as a component of a unit is 
checked in the application by the Casualty and Automo- 
tive Section of Underwriters’ Laboratories to determine 
running approval. Nameplate codes for thermal protec- 
tion on some motors also indicate the type of Under- 
writers’ Laboratory approval. Shaded-pole and permanent- 
split capacitor motors have blanket “yellow card” listing 
within specified horsepower output and voltage ratings 
when equipped with thermostatic-type overloads. Output 
ratings outside of these must be checked by the Under- 
writers’ Laboratories to determine current draw and 
locked-rotor temperature whether thermostats or current- 
sensitive protectors are used. These ratings are then given 
specific approvals. ooo 
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Whatever kind of tuming control you need, 
Cramer 1s most likely to have it 
...IN 43 LOCAL DISTRIBUTOR STOCKS 


For sheer variety of time-control devices, the Cramer 
line is unmatched. So, next time you're faced with a 
problem of accurate timing control, remember that 
Cramer most likely has the answer already in stock. 
Usually you'll find that your local Cramer distributor 
can take it right off the shelf. And in exceptional cases, 
he can get it from the factory in a matter of hours. 


Every Cramer product is the result of advanced 
design and rigid quality control in manufacture. Over 
the years, each type has been developed to meet ex- 


ELECTROMECHANICAL DIVISION 
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acting requirements, as industry’s needs progressed. 
Today, the “classics” among them are giving trouble- 
free performance in countless applications all over 
the world, while models of more recent design neatly 
handle jobs that hadn’t been thought of a year ago. 
WRITE FOR YOUR COPY OF THE 18-PAGE CRAMER DISTRIBUTOR CATALOG 
.. full of facts and figures on standard stock 
units. And if your problem needs a non-standard 
solution, let Cramer engineers help you with it. 
You'll find they have most of the answers at 
their finger tips. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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WIN Va\2d 
SUBMINMIATURRE 
SWUUGHIES 


TERMINAL 
STYLES 


integral 
with 
switch 
contacts 


Flat, tinned lug 
with .058-inch hole. 
Just hook in end 
of wire, then solder. 


* 
Double-turret flat lug — 
eer” allows use of terminal 


Single-turret lug; 
made flat so wire won't slide around 
in assembly 
for soldering. 


as junction point. 


Printed-circuit terminal; 
has hole for connecting 
component leads 
beneath wiring board. 


e 
Quick-Connect 


RS male terminal } 
. for snap-on wiring. 


Sa 


Write for catalog that gives details 
of UNIMAX subminiature switches. 


UNIMAX SWITCH 


ROAI WALLINGFORD, CONNECTICUT 


& 
4 .< 
; 


vu eae 
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Unified Physical Design 
For System Reliability 


(Continued from page 151) 


minimize the confusion and delay caused by each de- 
signer’s being forced to understand the terms of every 
governing specification. A recent airborne weapon-con- 
trol system was subject to over 250 first and second-tier 
specifications, with innumerable further-order documents 
cited by these. The manhours required for all design 
personnel to digest this material would be staggering. 
Other design information is included in addition to the 
specification interpretations and briefs. “Input-output” 
data from the physical standpoint is included, coolants 
supplied, pressurization levels, isolation, power required 
and supplied, and the like. 

The system engineer is responsible for establishing 
standards for the particular system, in harmony with 
the state of the art in design and manufacturing. His 
attention is directed toward ensuring that individual 
products within the system are mutually consistent in 
regard to appearance, manufacturing methods and cost. 
The minimum standards are stated in the design descrip- 
tion, and are subsequently used for design quality super- 
vision. 

Selection of the desired standards is not performed by 
the system engineer acting independently. Advisers are 
selected from among the senior design engineers, usually 
representing the different component types within the 
planned system, and from manufacturing engineers. Al- 
though unanimity may not always be reached on all 
subjects, the participation of those to be governed by 
the standards usually enhances the success of the controls. 

The system physical-design engineer will often be 
called upon to decide an optimum course of action from 
a set of alternatives. Usually these situations arise when 
the decision will affect more than one component area. 
An example would be the decision as to whether a unit 
should be directly mounted to a vehicle, causing difficulty 
in construction, or whether it should be vibration-isolated, 
thus requiring more volume and additional parts. Simi- 
larly, a question might be whether forced-air cooling 
should be utilized, or a liquid cold-plate technique pro- 
vided. 

The system-design group acts as a central point to 
promote the interchange of ideas between design organi- 
zations by calling regular design-coordination meetings 
with participating persons. Communication thus estab- 
lished often forestalls friction between various develop- 
ment activities where overlap of responsibility may un- 
avoidably occur. Product uniformity also is more easily 
accomplished, with resultant cost reductions. Because of 
the feedback obtained through coordination meetings 
and personal communication, the system engineer more 
easily performs his design-control function. Control of 
internal details is the responsibility of the designers; 
control of the relationship of product to system is the 
responsibility of the system organization. Centralized 
control of product-design boundary conditions generally 
precludes over- or under-design. Integration of various 
individual components into the system is better assured. 
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Wagner Vertical Solid Shaft Motors... 


POWER 
PACKED 
PUMP 


DRIVES 


Got pump-power problems? You can solve them— 
simply, easily—with Wagner Vertical Solid Shaft 
Polyphase Motors. These motors are designed 
especially to meet the load conditions of pumping. 
They handle loads without laboring or stalling... 
are smooth running under cyclic loads. They are 
uniquely suited, too, for other types of equipment 
that require vertical motor drives. Match them to 
agitators, axial fans, centrifuges, mixers, presses 

. anywhere you need a vertical shaft motor. 

Whatever the application, one thing is sure... 
Wagner advanced design engineering has pro- 
duced vertical shaft motors of simple, rugged cast- 
iron construction... motors with plenty of stamina 
to give you economical, maintenance-free service 
the year ‘round, indoors or out. 

Wagner Vertical Solid Shaft Motors are end- 
mounted, squirrel-cage type with NEMA Type “P” 


base. They are available in standard ratings of 
60 cycle, 208-220/440 and 550 volt, 1% through 
40 hp—3500 RPM, and 1 through 30 hp—1750 
RPM. For information on larger horsepower rat- 
ings, call your nearby Wagner Sales Engineer. 
Other motor requirements? Wagner can supply 
standard motors or build special motors to fit your 
needs. More than 65 years of constant research 
and development in electric motor design has 
made Wagner a name you can depend on. For an 
analysis of your next motor application, be it for 
plant or product call on Wagner. There are 32 
branch offices in principal cities across the country. 


Wagner Electric Corporation 


6454 Plymouth Ave., St. Louis 33, Missouri 


wneo-4 


SERVING 2 GREAT GROWTH INDUSTRIES — ELECTRICAL — AUTOMOTIVE 


MARCH 1960 Circle 177 on Inquiry Card 175 





Association Activities 


Design Engineering Conference Planned 


The application of space-age design 
theory and techniques to development 
of new products for the home and fac- 
tory will be the theme of the fifth De- 
sign Engineering Conference, to be held 
concurrently with the Design Engineer- 
ing Show, May 23-26, at the New York 
Coliseum. Advances made in power, 
controls, materials, computers, compo- 
nents, and ‘mechanics will be con- 
sidered. 

The conference is sponsored by the 
Machine Design Division of the ASME. 
More than 400 companies will exhibit 
at the show, which is managed by Clapp 
& Poliak, Inc., New York. 

The first day’s conference session will 
be devoted to “New Horizons in Engi- 
neering Design,” a panel discussion. 
Speakers will give special attention to 
applications of materials and compo- 
nents to meet environmental extremes 
and to achieve the ultimate in perform- 
ance. High temperatures, low tempera- 
tures, erosion, corrosion, impact, vibra- 
tions, miniaturization, reliability and 
limited life will be among the items 
discussed, 

On the days to follow, sessions on 
power and control will hear papers on: 
“Reliability Predictions,” T. C. Reeves, 
Radio Corporation of America; “Impact 


Design-Room Management 
Seminar Program Announced 


A seminar on “Aids in Design Room 
Management” will be conducted at the 
University of Illinois campus in Ur- 
bana, Ill. Those interested in attending 
the program and in obtaining a final 
program copy with the necessary 
registration forms should write to the 
Department of General Engineering at 
the University of Illinois. The tentative 
program follows: 


Thursday, April 28, 1960 
Use of Drawings in the Design of 
Printed Circuits; Use of Models as an 
Aid in Design and Construction in a 
Process Industry; Applied Psychology 
in Management; Auditing Drafting 
Work and Management. 


Friday, April 29, 1960 
Present and Future Use of Machines 
in Connection with Engineering Draw- 
ings; Use of Tape to Control Machines; 
Statistical Control of Tolerance; Micro- 
filming. 
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of Reliability on Design,” H. R. Powell. 
Space Technology Laboratories; “Anal- 
ysis of Control Systems by Analog Com- 
puters,” W. Sollecito, General Electric 
Co.; “Computers in Control Systems,” 
A. S. Robinson, Bendix Aviation Corp. 
The sessions ‘on materials will be 
concerned with “New Welding Proc- 
esses,” J. C. Chyle, A. O. Smith Corp.; 
“Metal Part Fabrication by Explo- 
sives,” V. Philipchuk, American Potash 
& Chemical Corp.; “Some Characteris- 
tics of High-Strength Steels,” A. M. 
Hall, Battelle Memorial Institute; 
“Composite Materials,” W. E. Dirkes, 
Wright Air Development Center. 
Papers to be presented at the me- 
chanical sessions are: “Hydraulic Com- 
ponents for Extreme Service,” Edward 
Brown, Vickers, Inc.; “Fluids and Seals 
for Extreme Service,” R. L. Leslie, 
Vickers, Inc.; “Modular Dimensioning 
for Automatic Assembly,” A. A. Law- 
son, Melpar, Inc.; “Basic Design 
Parameters for Automatic Assembly,” 
R. Esken, Sheffield Corp. 
The final session, by a panel, will dis- 
cuss “Use of Computers in Design.” 
Conference and show information 
may be obtained from Clapp & Poliak, 
Inc., 341 Madison Ave., New York 17. 


Space Technology 
Conference Planned 


The first AIEE conference on Electrical 
Engineering in Space Technology is to 
be held at the Baker Hotel, Dallas, 
Texas, April 11-13, in collaboration with 
the American Rocket Society and IRE. 

The session planned for the afternoon 
of April 12 has especially wide appeal: 
“Developments in the Fields of Com- 
munications, Feedback Control, Electric 
Energy Conversion, and Instrumenta- 
tion.” A seminar which is to be a basic 
review of magnetics, insulation, and 
solid-state materials is scheduled to fol- 
low the afternoon session. 


Reliability Papers Solicited 


The Second Annual Bay Area Reliabil- 
ity Seminar, sponsored by the IRE Pro- 
fessional Group on Reliability and 
Quality Control, is to be held at the 
Naval Post Graduate School, Monterey, 
Calif., May 6-7. 

The theme of the seminar is “Policies 
for Reliability.” Papers are solicited on 
the following topics: theory of error, 


criteria for selection of policies for 
reliability, and appraisals of policies 
for reliability. 

A 500-word abstract of proposed pa- 
pers should be sent to L. Fein, 431 
Ferne Ave., Palo Alto, Calif., by March 
15, 1960. 


NARM Head Elected 


Richard M. Brumfield was elected presi- 
dent of the National Association of 
Relay Manufacturers during their an- 
nual meeting at Miami Beach, Fla. Mr. 
Brumfield is president of Potter & 
Brumfield Div. of American Machine & 
Foundry Co., Princeton, Ind. He suc- 
ceeds John Pheffer, president of Struth- 
ers-Dunn, Inc. 


Machinability Seminar 

A seminar emphasizing the new diff- 
cult-to-machine materials will be held 
on the campus of The Pennsylvania 
State University, June 6-10, 1960. 

Sessions are planned on the funda- 
mental and research aspects of metal 
cutting, cutting-tool materials (includ- 
ing new materials and developments), 
specific metal-removal processes, cool- 
ants, economics of machining (includ- 
ing determination of minimum cost), 
and other topics. Registrants are invited 
to submit questions and problems in 
advance of the seminar. 

For additional information, write to 
Machinability Seminar, Conference 
Center, Pennsylvania State University, 
University Park, Pa. 


WESCON Papers 

Deadline Set 

Authors wishing to present papers at 
the 1960 Western Electronic Show and 
Convention technical sessions to be 
held August 23-26 should register their 
interest by May 1. Abstracts of 100 to 
200 words, together with complete texts 
or detailed summaries, should be sent 
to chairman of the Technical Program, 
Richard G. Leitner, WESCON Business 
Office, 1435 So. La Cienega Blvd., Los 
Angeles 35, Calif. 


Insulating Materials 

Division Organized 

The Insulating Materials Division is the 
first of eight industry groups to be or- 
ganized within the National Electrical 
Manufacturers Association in accord- 
ance with NEMA’s reorganization plan, 
according to an announcement by Jo- 
seph F. Miller, managing director of 
the association. E. R. Perry, president, 
National Vulcanized Fibre Co., has been 
elected chairman of the Division’s 
Board. 

Members of the Division’s Board of 
Directors represent NEMA Sections 
composed of manufacturers of electrical 
glass insulation, laminated products, 
manufactured electrical mica, varnished 
fabric and paper, varnished tubing and 
saturated sleeving, and vulcanized fiber. 
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..eAN INDUSTRY STANDARD 
for the Best in Copper Products 


Yi Hussey’s experience in copper goes back to 
1848. Since that time it has steadily built a 

CONVENIENT ; 

WAREHOUSES reputation for producing the finest quality 


PITTSBURGH (19) copper available. And, because Hussey Copper 
2850 Second Avenue 


CLEVELAND (3) s : . : 
5318 St. Clair Avenue source, quality is easier to control and main- 


is mined, smelted, refined and rolled by a single 


CINCINNATI (37) : ; 7 ‘ 
eee tain. Whatever your need for copper, make sure 


CHICAGO (18) you use the best—-specify Hussey. 

3900 N. Elston Avenue 

ST. LOUIS (1) 

Globe Democrat Building 

PHILADELPHIA (30) c. G. HUSSEY & COMPANY 
1632 Fairmount Avenue (Division of Copper Range Co.) 

NEW YORK ROLLING MILLS AND GENERAL OFFICES 

LONG ISLAND CITY (6) Aa PITTSBURGH 19, PA. 

34-39 Thirty-first Street a 


TO THE STANDARDS 
OF AMERICAN INDUSTRY 
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pliability 
labilil 


are the key words for 


lime Delay 


l! 


designed and produced by 


See us at the show, Booth # 1223 


THERMAL 


CONTROLS, INC. 


and O.K. ELECTRONICS 


41 RIVER ROAD 
NORTH ARLINGTON, N. J. 
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Calendar of Meetings 


March 7-8 — Heat Transfer Sym 
posium (sponsored by Mechanical 
Engineering Dept., University of 
Florida), Room 512, Engineering 
and Industries Bldg., Gainesville, 


Fla. 
March 17-18——Synchro Design and 


Testing Symposium (sponsored by 
Dept. of the Navy, Bureau of Naval 
Weapons), Dept. of Commerce Audi 
torium, 14 and Constitution Aves 


NW, Washington, D.C. 
March 21-24-—IRE International 


Convention, New York Coliseum and 
Waldorf Astoria Hotel, New York 
City. 


March 24-25—First Annual Sym 
posium on Human Factors in Ele« 
tronics (sponsored by the IRE Pro 
fessional Group on Human Factors) , 
Coliseum, New York City. 


March 29-31—American Power 
Conference, Sherman Hotel, Chicago. 


April 4-5—Solar Energy Symposium 
(sponsored by University of Florida 
and ASME), Engineering and In 
dustries Bldg., University of Florida, 
Gainesville. 


April 4-7—-Atomic Exposition, spon- 
sored through the Nuclear Congress, 
Coliseum, New York City. 


April 6-8—National Meeting of In- 
stitute of Environmental Sciences, 
Biltmore Hotel, Los Angeles. 


April 7-8—Society of the Plastics 
Industry Western Section Confer- 
ence, New Riviera Hotel, Palm 
Springs, Calif. 


April 11-12 —lInter-Society Color 
Council Annual Meeting, Philadel- 
phia Museum College of Art, Phila 
delphia. 


April 11-13—Conference on Elec- 
trical Engineering in Space Tech- 
nology, Baker Hotel, Dallas, Texas. 


April 12-13—AIEE Materials Han- 
dling Conference, Hotel Sheraton, 
Philadelphia. 


April 12-13—Annual Spring Tech- 
nical Conference on Electronic Data 
Processing (sponsored by IRE), 
Hotel Alms, Cincinnati. 


April 12-13—Static Relay Sympo- 
sium (sponsored by Electronic Com- 
ponents Research Dept., U. S. Army 
Signal Research and Development 
Laboratory), Hexagon Auditorium, 
Ft. Monmouth, N. J. 


April 18-19-—Conference on Auto- 
matic Techniques, Cleveland-Shera- 
ton Hotel, Cleveland, Ohio. 


April 19-21—American Society of 
Lubrication Engineers Meeting and 
Exhibit, Netherland Hilton Hotel, 


Cincinnati. 


April 19-21—Symposium on Active 
Networks and Feedback Systems 
(sponsored by the Dept. of Defense 
Research Agencies and IRE), Audi- 
torium of the Engineering Societies 
Bldg., New York City. 


April 20-22—Annual SPI Fluoro- 
carbons Division Meeting, Hotel 
Roosevelt, New Orleans. 


April 20-22 — National Medical 
Electronics Conference (sponsored 
by IRE), Shamrock-Hilton Hotel, 
Houston, Texas. 


April 20-22 — Southwestern IRE 
Regional Conference and Electronics 
Show, Shamrock-Hilton Hotel, Hous- 
ton, Texas. 


April 25-29 — Annual Convention 
and Welding Exposition (sponsored 
by the American Welding Society), 
Biltmore Hotel and Great Western 
Exhibit Center, Los Angeles. 


April 26-27 — Westinghouse Ma- 
chine Tool Forum, Conrad Hilton 
Hotel, Pittsburgh, Pa. 


April 27-28—National Meeting on 
Space-Age Materials, Hotel Gibson, 
Cincinnati. 


May 3-5—Eighth National Con- 
ference on Electromagnetic Relays 
(sponsored by NEMA), Student 
Union Bldg., Oklahoma State Uni- 
versity, Stillwater. 


May 9-12—Second Instrument So- 
ciety of America Instrument-Auto- 
mation Conferences and Exhibits of 
1960, Brooks Hall and Civic Audi- 
torium, San Francisco. 


May 9-13 —Second Southwestern 
Metal Exposition & Congress, Shera- 
ton-Dallas Hotel, Dallas, Texas. 


May 10-12—Electronic Components 
Symposium (sponsored by AIEE, 
EIA and WEMA), Hotel Washing- 
ton, Washington, D.C. 


[ May 23-26—Design Engineering 
| Conference and Show (sponsored 
| by ASME Machine Design Div.) , 
| Coliseum, New York City. 
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STACKPOLE 
CLT a (Ui 


RESISTORS 


Today’s best looking resistors—and every bit as 
good as they look! Easiest to solder. Unmatched 
for load life and moisture resistance—and, with 
performance that exceeds MIL-R-11 require- 
ments. Now for the first time, these resistors are 
supplied across the board in RC-42 (2-watt); 
RC-32 (1-watt) and RC-20 (1/4-watt) styles from 
distributors’ stocks. 


rissa 
RSS 
TRUM RING 


kg Slock/ 


For small runs, military prototypes, production 
emergencies or for hurry-up design and engineer- 
ing projects... 
You can get Stackpole Coldite 70+ resistors in any 
standard value or tolerance from the 28 distribu- 
tors listed below. 


WEST PALM BEACH, FLA. 


MARCH 1960 


BALTIMORE, MD. 

Kann-Ellert Electronics, Inc. 
BATTLE CREEK, MICH. 

Electronic Supply Corp. 
BIRMINGHAM, ALA. 

MG Electrical Supply Co. 
BOSTON, MASS. 

Sager Electrical Supply 
BROOKLYN, N. Y. 

Electronic Equipment Corp. 
CLEVELAND, OHIO 

Pioneer Electronic Supply Co. 
DALLAS, TEXAS 

Wholesale Electronics Supply Co. 
DAYTON, OHIO 


Srepco, Inc. 


DENVER, COLO. 
Denver Electronics Supply Co. 
GLENDALE, CALIF. 
R. V. Weatherford Company 
INDIANAPOLIS, INDIANA 
Radio Distg. Co. 
KANSAS CITY, MO. 
Burstein-Applebee Co. 
MELBOURNE, FLORIDA 
Electronic Supply 
MIAMI, FLORIDA 
Electronic Supply 
NEW YORK, N. Y. 
Harvey Radio Co. 
PHILADELPHIA, PA. 
Almo Radio Co. 


SAN DIEGO, CALIF. 
Radio Parts Co. 


SCRANTON, PA. 

Fred P. Pursell 
SEATTLE, WASH. 

C & G Radio Supply Co. 
ST. LOUIS, MO. 

Interstate Supply Co. 
SYRACUSE, N. Y. 

Morris Electronics of Syracuse 
TACOMA, WASH. 

C & G Radio Supply Co. 
WASHINGTON, D. C. 

Electronic Wholesalers, Inc. 


WATERBURY, CONN. 
Bond Radio Supply Co. Inc. 
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Goddard Distributors, Inc. 
WICHITA, KANSAS 


Interstate Electronic Sup. Corp. 


WILBRAHAM, MASS. 


Industrial Components Corp. 


WINSTON-SALEM, N. C. 
Dalton-Hege Radio Supply 


+ and G-C/STACKPOLE, T00! 


Attractively packaged by G-C 
Electronics for service replace- 
ment uses, Coldite 70+ Resis- 
tors are also available through 
ever 800 G-C distributors. 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


Men in Industry 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


up 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC 
INSULATION SF 


CERAMIC SINGLE-SILICONE 


ENLARGED CROSS-SECTIONS OF 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time —depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


ROC enenreene aaa 


i? - 


. 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


CERAMIC SINGLE-TEFLON 


eel 


CERAMIC 
INSULATION 
SINGLE 
TEFLON 

OVERLAY 


CERAMIC MEAVY-TEFLON 


CEROC® COPPER MAGNET WIRE 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 
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Neil A. Marshall, specialist in instru- 
mentation physics, has been appointed 
chief engineer of the Special Products 
Division of Leach Corp., Compton. 
Calif., producer of components and 
systems for air and space vehicles. Mr. 
Marshall came to Leach from the Lock- 
heed Missile and Space Div., Sunny- 
vale, Calif., where he served as systems 
engineer on the Polaris Acre project. 


Donald A. Ashford has been appoint- 
ed chief engineer at the Raleigh, N. 
C., plant of Kellogg Switchboard and 
Supply Co., communications division of 
International Telephone and _ Tele- 
graph Corp. Mr. Ashford previously 
was employed by Lenhurt Electric Co. 
and from 1948 to 1954 served with 
another ITT subsidiary, Standard Tele- 
phones and Cables, Sydney, Australia. 


Appointment of Derio Dalasta as head 
of the switchgear department’s new 
static relay section has been announced 
by Allis-Chalmers. For the past two 
years, Mr. Dalasta had been design 
group head, switchgear and d-c gen- 
erator controls group of C Stellarator 
Associates, Princeton, N. J., a depart- 
ment of Allis Chalmers Atomic Energy 
Division. 


The Teleregister Corporation, maker 
of automated data processing systems, 
has appointed Edward Rathje, Jr., to 
the post of manager of the develop- 
ment section. Mr. Rathje has been 
with Sanders Associates Inc. for the 
past five years. During this time he 
was concerned with technical and ad- 
ministrative direction of counter- 
measures and missile guidance projects 
and development of related analog 
and digital devices. 


Seymour L. Blum has been appointed 
manager of the high-temperature ma- 
terials department in Raytheon Com- 
pany’s Research Division. Head of the 
division’s ceramics section since 1954, 
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Add extra value to your new 


appliance modeis.. .with new 
a : 
The latest developments from the pioneers in auto- 
s /. a matic sequence timers this all new line gives you new 


convenience, new power, new flexibility, new economy. 


The basic models shown here can be engineered in 
almost endless variations to fit your individual needs. 
Write today for consultation. 


rh a x 


a) 
RPB REMOTE PUSH BUTTON TIMER 


New styling possibilities! Trim, slim control panel (—— 
can be placed where most convenient or attractive, 

any distance from washer. Timer assembly fits easily 
inside cabinet. Simple electrical cabling between units 

..-no mechanical inter-connections. Provides all operating 

and construction features of integral push button timer. 


Electronic Timers Company 
Warsaw, New York 


A Division of 
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IPB INTEGRAL PUSH BUTTON TIMER 


Automatically selects washing pro- 
grams. Option of up to 24 button 
stations. Push button, piano key or 
rotary dial control; horizontal or 
stacked. Positive stop; positive drive. 
4-second programming. Intelligence 
dial optional. All connections and 
controls on one panel. Sub-interval 
switching for momentary impulses 
easily added. Price comparable to 
regular interval timers. 


XD EXTRA DUTY TIMER 

Ideal for coin-operated appliances, 
other constant-duty equipment. 
Tested far beyond usual service 
requirements. Surplus torque permits 
adding actuating devices to drive 
shaft, often eliminates relays and 
solenoids. All connections at one 
panel. Intelligence dial optional. Sub- 
interval switching easily added. 
Option of up to 24 circuits. Standard 
rating, 115 volts, 15 amps; isolated 
circuits, 250 volts, 25 amps. 


RY &CO 


te 
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JUST THE 
PLIER FOR 
ELECTRONIC 


No. 208-6PC Long Nose 
Shear Cutting Plier 
Patent No. 2,848,724 


L 

Here is a recently developed 
plier specially designed for 
electronic use. It will fit into 
confined space and the steel 
jaws hold clipped end of 
sheared wire firmly ... noth- 
ing to wear out. 

The shear blade is at an 
angle of 15 degrees (the 
standard angle of regular di- 
agonal pliers). Shear principle 
assures smooth, continuous 
action without snap, prevent- 
ing shock which might dam- 
age transistors and other deli- 
cate components. For use with 
bare wire up to 18 gauge. 

See your electronic supply 
house or write for catalog. 


Shear principle 
requires less 
pressure. 


Pointed nose 
reaches confined 
space. 


Designed to form 
loop at wire end. 


WRITE FOR CATALOG I101-A 
Klein Catalog 101-A, describing the 
208-6PC and many other Klein Pliers, 
will be sent on request. Write for a copy. 


Pin keeps jaws 
aligned. 


Steel jaws hold 
clipped end tight. 


Coil spring keeps 
jows open. 


Foreign Distributor: International Standard Electric Corp., New York 


°/ Mathjas eS & Sons 


ares McCORMICK ROAD + CHICAGO 45, ILLINOIS 
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Dr. Blum formerly was a research as- 
sistant at MIT and plant engineer for 
Commercial Decal, Inc., Mt. Vernon, 
N. Y. 


i 


(Appointment of John F. Marquis as 
development engineer has been an- 
nounced by Furnas Electric Co., Ba- 
tavia, Ill., manufacturers of electric 
motor controls. Mr. Marquis comes to 
Furnas Electric from Littlefuse, Inc.. 
where he worked in product develop- 
ment and engineering for nine years. 
When he left this position, he was chief 
engineer in charge of thermal devices. 


Richard A. Wallace, formerly with 
the Burroughs Research Center, has 
been named manager. Mechanical De- 
sign and Peripheral Device Engineer- 
ing, Electronic Data Processing Divi- 
sion, Radio Corporation of America. 


Joseph Carlstein has been named 
chief engineer of the Norden division's 
Ketay department at Commack, Long 
Island. New York. Mr. Carlstein is 
known in engineering circles as an 
author and lecturer on rotating com- 
ponents. He has been with Ketay since 
1953, serving in various engineering 
capacities, most recently as supervisor 
of development engineering. 


The National Academy of Sciences, 
National Research Council, has an- 
nounced the appointment of Augustus 
B. Kinzel as chairman of its Division 
of Engineering and Industrial Re- 
search. Dr. Kinzel is vice president for 
research of Union Carbide Corpora- 
tion. Among his many research activi- 
ties have been contributions to the 
fields of stainless steel metallurgy, 
structural low-alloy steels, ferroallovs, 
industrial gases and atomic energy 


Robert W. Dunham has been appoint- 
ed chief engineer of Square D Com- 
pany’s molded-case circuit breaker di- 
vision, Cedar Rapids, Iowa. Mr. Dun- 
ham succeeds William Thomas, Square 
D’s director of corporate research, who 
has been serving as acting chief en- 
gineer of the Cedar Rapids division. 
Dr. Thomas will take over supervision 
of Square D’s new corporate research 
center when it is completed next 
summer. 
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CHRIS TIE Specialists in Power Supplies for 30 Years 


300 AMP. POWER SUPPLY 


Model MH32-300KP4 


Electrical Specifications: 
NOMINAL D-C OUTPUT: 

28 v. @ 300 amp. (continuous) 
VOLTAGE ADJUSTMENT RANGE: 
22 to 32 v. d-c 

VOLTAGE REGULATION: 

+0.5% — combination of rated 
load and a-c input variations 
(Sensing: local or remote) 
VOLTAGE RIPPLE: 

1% rms. (— 20°C to +55°C) 
VOLTAGE RECOVERY (63%): 
0.1 sec.— full load application 
or removal 

D-C CURRENT OVERLOAD 
CAPACITY: 

125% for 5 min. every 20 min. 
250% for 5 sec. every 20 sec. 
350% for 1 sec., 500% peak 
A-C INPUT: 

400-490 v., 3-ph., 57-63 cps. 
(other voltages available) 

A-C CURRENT AT 440 V.: 

9 amp. 

AMBIENT TEMPERATURE RANGE: 
Operating: — 55°C to +55°C 


WITH ENGINEERED AND CONTROLLED Storage: —62°C to +70°C 


ENVIRONMENT, SHOCK, 
VIBRATION: 

i A rc Built to MIL-E-4970 
RADIO INTERFERENCE: 


Built to MIL-1-26600 
@ Static-Tubeless Mechanical Specifications: 
@ All Silicon CABINET STYLE: STATIONARY 
Also other styles below 


@ Built to MIL-E-4970 SIZE & WEIGHT: 


: . ‘ 19”Wx 19” Dx 31” H.— 355 Ibs. 
@ Overload and Short Circuit Protection : ; 
Standard Features: 


@ 500% Overload Capability VOLTMETER & AMMETER: 
312” ruggedized (MIL-M-10304) 


Writ - E ° 7 Recessed behind removable panel 
rite for new D-C Power Supply Bulletin AC-60 OVERLOAD PROTECTION: 


Magnetic & thermal 


CHRISTIE ELECTRIC CORP. PARALLEL OPERATION: 


i Includes load sharing provision 
3404 W. 67th Street, Los Angeles 43, California OTHER FEATURES: 


Input Contactor, Pilot Light, Fan, 
Fan Failure Protection. 


Over 200 Models in 
6 Cabinet Styles 


Stationary 19” Rack 
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...- WHERE PHOSPHOR BRONZE IS THE MAIN LINE=-NOT A SIDELINE 
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A CIRCUIT BREAKER 
"GETS A BREAK’. with Miller 


Design engineers for a leading manufacturer of circuit 
breakers specified phosphor bronze in the star spring 
of the circuit breaker shown here. Ordinary phosphor 
bronze was used, but spring pressure wasn’t uniform, 
and breakers often failed to open under an electrical 
overload. 


Miller—whose specialty is phosphor bronze—experi- 
mented with various alloys and tempers for the phosphor 
bronze spring until they came up with the right material 
for the job. They specified Miller Grade A Phosphor 
Bronze—a material that met the rigid requirements for 
the job...was highly corrosion-resistant ...and was 
less expensive than the phosphor bronze originally used! 


Only specialists in phosphor bronze like Miller can get 
to the bottom of your application problems so quickly. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 
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Company Briefs 


The Waltham Precision Instrument Co., 
Waltham, Mass., has purchased the 
Electric Motor Division of Advanced 
Products Co., North Haven, Conn., and 
is moving it to Waltham, where it will 
resume full-scale production of minia- 
ture synchronous motors. 


General Telephone & Electronics Corp., 
New York City. has announced forma- 
tion of General Telephone & Electronics 
Laboratories, Inc., a wholly-owned sub- 
sidiary which will be engaged in a 
wide range of scientific research activ- 
ities in the communications and elec- 
tronics fields. The research organiza- 
tion will be located in Bayside, N. Y. 


The Polymer Corp., Reading, Pa., pro- 
ducers of industrial plastics, has 
formed a Whirlclad Division and a 
Molding Resins Division. The Whirl- 
clad division will handle service engi- 
neering of plastic finishes and the basic 
fluidized-bed coating process. The 
molding resins division will engage in 
sales engineering of a nylon injection- 
molding compound and other specially 
formulated molding resins. 


To increase the availability of design 
engineering personnel and facilities for 
testing and application work, the 
Spencer Products Group of Texas Instru- 
ments’ Metals & Controls Division has 
relocated its Precision Controls Pack- 
age Design Facility from Burbank, 
Calif. to Attleboro, Mass. Package-de- 
sign facility work involves engineering 
of supplementary actuating systems for 
miniature precision controls in areo- 
nautical and electronic applications. 


Eitel-McCullough, Inc., San Carlos, 
Calif., manufacturer of electron power 
tubes, has reached an agreement that 
will make National Electronics, Inc., and 
Industrial Tubes, Inc., of Geneva, IIl.. 
wholly owned subsidiaries. National 
Electronics is a producer of ignitrons, 
thyratrons and rectifiers for industrial 
control. Industrial Tubes was _ incor- 
porated as a manufacturing and engi- 
neering unit to produce tubes to be sold 
under the National Electronics brand. 


Raytheon Company’s Industrial Tube 
Division, Newton, Mass., has changed 
its name to the Industrial Components 
Division to reflect an expansion of its 
product lines. The expansion will be 
achieved both by building a line of 
non-microwave electronic components 
and by broadening the scope of the 
tube lines. 
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Because there’s a BUSS or FUSETRON fuse 
to fit Your Every Electrical Protection Need. 


With the world’s largest fuse re- 
search laboratory plus 44 years of 
experience in solving electrical pro- 
tection problems it isn’t surprising 
that BUSS has the most complete line 
of fuses in the industry. 


The BUSS and FUSETRON 


fuse lines includes: 
Single-element fuses for circuits 
where quick-blowing is needed, 
such as for instrument protection. 


Single-element fuses for normal 
circuit protection. 


BUSS fuses are made to protect - not to blow, needlessly. 


Dual-element, slow-blowing fuses 
for circuits where harmless current 
surges occur. 


Indicating fuses where signal must 
be given when fuses open, or to 
activate an alarm. 


BUSS and FUSETRON fuses range 
in size from 1/500 amperes up — and 
there’s a companion line of fuse clips, 
blocks and holders. Whatever your 
fuse requirements, the chances are 
more than good there’s a BUSS or 


FUSETRON fuse to satisfy them. 


BUSS makes a complete line of fuses for home, farm, commercial, 
electronic, electrical, automotive and industrial use. 
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If you have a special protection prob- 
lem . . . extensive BUSS laboratory 
facilities and a large engineering staff 
are at your disposal to help you save 
money and engineering time. 


For more information on BUSS and 
FUSETRON Small Dimension fuses 
and fuseholders, write today for BUSS 
bulletin SFB. 


BUSSMANN MFG. DIVISION, 
McGraw-Edison Co. 
University at Jefferson, St. Lovis 7, Mo. 


EM360 


ROSALES 


TRUSTWORTHY NAMES IN 
GLECTRIC AL PROTECTION 





Miniature 


HYSOL epoxy Compounds can solve 


your insulation problems 


For over a decade HYSOL chemists and engineers have 
been helping manufacturers solve unique and intricate 
problems of insulation. As a result of this experience, 
Hysol has developed a complete line of epoxy encapsu- 
lating compounds. For superior insulation, for outstanding 
moisture, chemical and abrasion resistance, for dependable 
performance . . . there’s a Hysol epoxy to meet your 


specifications. Write for the HYSOL “Systems Selector.” 


SiVe 
on*® "Ro 
o & 


HYS6L: CORPORATION * OLEAN, NEW YORK 


4 - é Formerly Houghton Laboratories, Inc. 
q 
» < 
“oy r 2 HYSOL OF CALIFORNIA HYSOL (CANADA) LTD. 
Emica. ® Los Angeles, California Toronto, Ontario 
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Engineering 
Standards 


ASA Standards 


The following American Standard 
publication has been issued: C€39.1- 
1959, Requirements for Electrical In- 
dicating Instruments, $2.50. 

This standard applies to panel, 
switchboard and portable instruments 
including voltmeters, ammeters, watt- 
meters, varmeters, frequency and 
power-factor meters. 

Copies may be ordered from the 
American Standards Association, Inc., 


70 E. 45 St., New York 17. 


ASA—ASME Standards 


The latest revision of the American 
Standard Graphical Symbols for Weld- 
ing, Y32.2—1959, has been approved 
by the American Standards Associa- 
tion and published by The American 
Society of Mechanical Engineers. 

The new American Standard provides 
the means of placing complete welding 
information on drawings. Developed 
by the American Welding Society, the 
symbols were submitted to and ap- 
proved by The ASA Sectional Com- 
mittee on Graphical Symbols and 
Designations. 

Copies are available at $3.00 each 
from the American Standards Associa- 
tion, 70 East 45 St., New York 17, 
N. Y., or from The American Society 
of Mechanical Engineers, 29 West 39 
St., New York 18, N. Y. 


UL Standards 


An Underwriters’ Laboratories Bulle- 
tin on Subject 62, “Revised Items in 
the Standard for Flexible Cord and 
Fixture Wire,” has been issued. The 
ten-page publication is dated December 
31, 1959, and replaces the bulletin of 
December 8, 1959, on the same sub- 
ject. It contains the complete text of 
the previous bulletin plus adopted 
amendments applicable to Types S, SO, 
and ST cables in Nos. 8 through 2 
AWG. 

Copies are available from Under- 
writers’ Laboratories, Inc., 161 Sixth 
Ave., New York 13. 


ASTM Standards 


D-9, Compilation of Standards on 
Electrical Insulating Materials, 792 
pages, $8.75. This edition contains 108 
standards, of which 46 are new, revised 
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NEW vane-operated limit switch 
helps industry solve major 
electrical problem: limit switch life 


GENERAL ELECTRIC’S ENCAPSULATED DESIGN SEALS OUT 


CONTAMINANTS; HAS NO 


General Electric’s new vane-operated 
limit switch design surmounts most of 
the operating problems that cause failure 
in today’s conventional limit switches. 
The unique new limit switch performs 
the position-detection function of con- 
ventional switches and eliminates phys- 
ical contact with the moving object. It 
has no shafts or arms to fail, no sliding 
or rotating parts to wear, no shaft seals 
to leak. 

This means that the operating life 
of the vane-operated limit switch is not 
affected by such tough application re- 
quirements as frequent operation; ham- 
mering of lever arms and mechanisms; 
lever arm “snapback”; mechanical wear; 
and splashing and spraying of coolants, 
lubricants, and other contaminants. 


REASONS FOR LONGER LIFE 


Contributing to the extremely long life 
of the new device is the encapsulation 
of all internal components in a cast 
aluminum enclosure. This means liquids, 
dirt, or metal chips cannot enter the 
switch mechanism and cause operational 
failure. 

In addition, the only moving parts in 
the new design are magnetic reed con- 
tacts hermetically sealed in an inert 
gas. Thus, switch life is determined 
almost solely by contact load. When 
used with small a-c relays, such as the 
G-E CR2790 general purpose type, the 
expected operating life of the switch is 


ARMS, LEVERS, OR SHAFTS 


from 30 to 50 million operations. It is 
capable of over 250 million operations 
when operating General Electric static 
control circuits. 

The inherently longer life of the new 
vane-operated limit switch results in 
savings from greatly reduced main- 
tenance and replacement expense and 
less downtime. And the new switch 
costs about one-third less than proximity 
switches, making it only slightly higher 
in price than a conventional limit switch. 


HOW IT WORKS 


The vane-operated limit switch is en- 
ergized by passage of a separate steel 
vane through a recessed slot in the 
switch (see illustrations at right). The 
vane is attached to the mechanism to 
be controlled. As the vane passes 
through the slot, it changes the balance 
of the magnetic field, causing the con- 
tacts to operate. The contacts are her- 
metically sealed in an inert gas to pro- 
long life. 

The new switch is easy to install. It 
can be front- or top-operated and can 
be used to control linear or rotary 
travel. In addition, the base plate can 
be rotated 90° to provide mounting 
flexibility. Both normally open and 
normally closed forms are available 
with or without an indicating light. The 
new limit switch is 25 percent smaller 
than previous models, and it requires 
no separate power supply or amplifier. 


GENERAL @@ ELECTRIC 
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On normally open form, bias and main magnet 
flux are balanced at the switch, causing it to 
remain open. As vane enters the slot, flux of 
the main magnet is shunted to the lower re- 
luctance path offered by the magnetic material 
in the vane. 


As vane passes the center of the switch, enough 
flux shunts from the main magnet to cause the 
flux of the bias magnet to close the switch. 
Withdrawing vane from the slot reverses the 
conditions and causes the switch to reopen. 


The switch can detect very high 
speeds of vane travel without detri- 
mental effects such as arm or mechanism 
wear or breakage. The switch also offers 
excellent accuracy and response time. 
Providing the path of the vane through 
the slot is constant, trip point repeat- 
ability is constant within plus or minus 
0.0025 inch. The switch response time 
is approximately one millisecond. 


MEASURABLE ADVANTAGES 


Vane-operated limit switches hold sig- 
nificant and measurable operating 
advantages over conventional limit 
switches. These advantages can be 
measured by the maintenance and re- 
placement savings they can produce, 
and deserve serious consideration on 
limit switch applications. 

For more information contact your 
G-E sales office or request bulletin 
GEA-6995 from General Electric Com- 
pany, Schenectady, N. Y. 811-8 


You get 
MEASURABLE ADVANTAGES 
with General Electric control. 





MICROAMPERES 


(api) 


THIS SLIM-LINE, TRIM-LINE STYLIST 


Have a look at the most distinctively different meter design in years. 


Start with styling (as your customers do): note the thoroughbred leanness, 
the crisply drawn detail, the overall look of precision. Consider function: 
see how the picture-window dial is recessed and angled back for easier 
reading. Ponder practicality: observe that the self-trimming case is installed 
with just a single panel cutout. Sample the specifications: choose from 
two sizes—Model 561, 5” x 2%”, and Model 361, 342” x 2”; both in 
satin-finish Bakelite; both available in standard microampere, ampere, 
millivolt and volt ranges, AC or DC. Prices and other data? Ask for 
Bulletin 107. 


ASSEMBLY PRODUCTS, INC. 
Chesterland 14, Ohio 


Circle 189 on Inquiry Card 


or have had their status changed since 
the previous edition in 1957. Among 
the topics covered are: Insulating Shel- 
lac and Varnish; Effects of Radiation; 
Ceramic Products; Plastics for Elec- 


| trical Insulation; Plates, Sheets, Tubes, 


| Rods and Molded Materials; Solid 





Filling. Treating, Encapsulating and 
Embedding Compounds; Flexible Sheet, 
Tape and Tubing; Magnet Wire Insula- 
tion; and Electrical Tests. 

Copies may be obtained from the 


| American Society for Testing Mater- 
| ials, 1916 Race St., Philadelphia 3, 
| ea. 


EAI Standards 


RS-230, Color Marking of Thermo- 
plastic Covered Wire, 25¢. This is from 
Standards Proposals 557, 575 and 618, 
and is a revision of GEN-104. 

RS-231, Reverse Recovery Time 
Measurements on Semiconductor Di- 


| odes, $1.00. This new standard is from 
| Standards Proposal 590. 


Copies are available from Engineer- 
ing Dept., Electronic Industries Associ- 


| ation, 11 W. 42 St., New York 36. 


AIEE Standards 


The following standards  publica- 
tions have been issued by the Ameri- 


| can Institute of Electrical Engineers: 


77, Recommended Practice for Elec- 


| tric Installations on Textile Machinery, 


Proposed Recommended Practice 
(free). 

433, Proposed Test Procedure for 
Magnetic Amplifiers (free). 

553, Proposed Recommended Guide 
for Measurement of Rotary Speed 
(free). 

804, Test Procedure and Presenta- 
tion of Aircraft Generator and Regu- 
lator Characteristics (free). 

Copies are available from the Ameri- 
can Institute of Electrical Engineers, 
33 W. 39 St.. New York 18. 


NEMA Standards 


The following new and revised publi- 
cations have been issued: 

DC 7-1959, Refrigeration Controls, 
30¢. 

MW 2-1959, Polyurethane-Coated 
Round Copper Magnet Wire, 30¢. 


MW 17-1959, Vinyl-Acetal Nylon 
Coated Round Copper Magnet Wire, 
30¢. 


MW 19-1959, Vinyl-Acetal Self- 
Bonding Round Copper Magnet Wire. 
30¢. 


Copies of these publications may be 


| obtained from the National Electrical 


Manufacturers Association, 155 E. 44 


St., New York 17. 
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FOR MORE DETAILED TECHNICAL DATA, CIRCLE READER-SERVICE CARD NO. 190. 


_.... INTERNATIONAL 


For your precision circuits, choose if de 

from the extremely reliable, rugged- 

ized silicon medium power line... I bo -_ke2 
available ‘‘off the shelf’’ at your KS 
nearest International Rectifier 

Authorized Industria! Distributor, or 


from representatives throughout the 
world. 


INTERNATIONAL RECTIFIER CORPORATION: EL SEGUNDO, CALIFORNIA * PHONE OREGON 6-628! * 


EMOIN F E,N WIN 


CABLE RECTUSA 


15 W. WACKER ORIVE, 


»9 CO OGE 


ENT 3-688 





sT)EGQMEyN TeRMinaL Luss 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 


INDENTED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 
VOID FREE 


CONNECTION 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


Write for FREE Sample 


¢ 


SHERMAN 
UNI-CRIMP 
LUG 


SHERMAN SHERMAN HAND CRIMPING TOOLS 


“SsT" LUG Portable or bench mounted for fast, easy instal 


we lation of money-saving Sherman terminal lugs 


H. B. SHERMAN MANUFACTURING CO., BATTLE CREEK, MICHIGAN 
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| LOWY STIFOW 


AC ELECTRONIC GENERATOR * 


MODEL 150 


WALL 


PRECISION 

AC POWER 
SUPPLY FOR 
LABORATORY & 
PRODUCTION USE 


SPECIFICATIONS 


Power Output 160 V.A. Total Distortion Less than 1% 
Fixed Frequency 400 CPS (other treg. avait. Regulation Less than 1% 
Variable Frequency 350-450 CPS Operates with load of any power factor 

External Frequency 50-4000 CPS Small size 834” x 19” Panel 


Also Available — Model 250 — 250 VA Power Output 


Representatives in Principal Cities 


INDUSTRIAL TEST EQUIPMENT 


Visit Booth £3513, 1.R.E. Show, New York Coliseum 
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oto | 
55 EAST lith STREET » NEW YORK 3, N. Y. 


Book | Reviews 


Patents and Inventions—An In- 
formation Aid for Inventors. 
Superintendent of Documents, U. S. 
Government Printing Office, Wash- 
ington 25, D. C., 25 pages, 15¢. 


Basic information regarding the pro- 
tection offered by patents and step-by- 
step procedure for obtaining a patent 
is presented in this booklet from the 
United States Department of Com- 
merce Patent Office. 


Resistance and Resistors. By 
Charles L. Wellard, McGraw-Hill 
Book Co., 327 W. 41 St., New York 
36, N. Y., 272 pages, $8.50. 


“Resistance Concepts and Theory” is 
the title of the first chapter in this com- 
prehensive handbook; the chapter in- 
cludes a mention of semiconducting ma- 
terials and the Fermi distribution 
function. Other topics in the first section 
of this two-part volume include mate- 
rials, characteristics, construction, test 
and measurement, and reliability. 

The twenty-two chapters in part two 
span an area from composition carbon 
fixed resistors to varistors and thermis- 
tors, as well as printed resistors for 
micromodular applications. In each 
chapter a specific type or class of re- 
sistive device is examined according to 
specifications, characteristics and appli- 
cations. Numerous graphs, tables and 
sketches appear throughout. 


Masers. J. R. Singer, John Wiley and 
Sons, Inc., New York, 147 pages, 
$6.50 (1959). 


To the best of our knowledge this is 
the first published study of quantum 
mechanical amplifiers. The author, an 
Associate Professor of Electrical Engi- 
neering at the University of California, 
approaches masers from both the classi- 
cal and the quantum-mechanical points 
of view. In other words, he explains the 
“maser” as an amplifier or oscillator 
operating by induced emission, the prin- 
ciples of which have been known to 
twentieth-century physicists for some 
time, although detailed knowledge of 
materials and techniques was required 
to put these principles into practice and 
obtain amplification. 

In a quantum mechanical amplifier, 
the absorption process—which always 
accompanies amplification in nature, 
thus eliminating a net amplification 
process—must be eliminated or reduced 
in relation to the emission process. 

Dr. Singer explains these principles 
clearly before he gives his excellent 
description of the ammonia maser. The 
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NOW YOU GET METAL 
WITH BUILT-IN 
FINISHING 
SAVINGS 


Faster production and up to 40% cut in polishing costs are made 
possible by superfine-grain structure of Formbrite’ Drawing Brass 


The jeweler’s finish which Accurate Forming Corp., Frank- 
lin, N. J., gives pen caps and barrels previously meant the 
use of five polishing heads and a time bottleneck in produc- 
tion—resulting in a high polishing “cost factor.” After switch- 
ing to Red Brass-Formbrite, they use two polishing heads 
for a light cut and another for a simple color buff and run 
the machines faster, Savings run up to 40%. The secret of 
Formbrite is its superfine grain, produced by special rolling 
and annealing techniques. Formbrite is springier, harder, 
more scratch-resistant than the usual drawing brasses in the 
same standard tempers, yet retains remarkable ductility for 
forming and drawing. Despite its superiority, Formbrite 
costs no more than ordinary drawing brass. Get full details 
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from your Anaconda representative or write; The American 
Brass Company, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ont, 1050 


FORMBRITE 


SUPERFINE-GRAIN DRAWING BRASS AN 


ANACONDA 


product made by The American Brass Company 
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New HIGH POWER 60 AND 400 CPS TRANS/-MAGS 


STANDARD LINE OF RESPONSE 


TRANSISTOR MAGNETIC 
AMPLIFIER 


FOR SERVO MOTOR CONTROL 


FAST 


For driving AC servo motors in 
industrial and military servo sys- 
tems which require hi-power, 
fast response and (static) high 
reliability. 


A COMPLETE SERVO AMPLIFIER 
DRIVE SYSTEM IN A SINGLE 
PACKAGE 
TEMPERATURE STABILIZED 
FAST RESPONSE 

HIGH GAIN 
INSTANTANEOUS START 
SMALL STANDBY POWER 

RUGGED 
HIGH RELIABILITY 
QUADRATURE REJECTION 

SERVO MOTOR COMPATIBILITY 


TRANSI-MAG 


For complete data on 60 & 400 CPS TRANSI-MAGS® Request Bulletin S-961 





PERFORMANCE SPECIFICATIONS * AC INPUT * TRANSI-MAG 
400 CPS TRANSISTOR MAGNETIC SERVO AMPLIFIERS 


Pramcsore | Tanase | anesoig—tanevore| Taxon | Tan Or 
MAXIMUM 


tt 
- a CORSE 
S27 1286162091 


TYPICAL SERVO Dieh! Dieh! 
MOTOR LOAD FPF 66-26-1 | FPF 85-16-1| ZP 105-2217-1 


POWER SUPPLY 115V 400 CPS | Phase 


MAXIMUM 

OUTPUT VOLTAGE ; 
“INPUT IMPEDANCE 
MAXIMUM 
POWER GAIN 

| Sensiniviy 
RESPONSE TIME 

| AMBIENT 

|_ TEMPERATURE 


TESVAC 220VAC 


10,000 OKMS) 





1.5x10” zane” | Ix10* 2.7x10° 





0.3VAC INTO 10,000 OHMS FOR FULL POWER OUTPUT 
-01 SECONDS 


—55°C te +71°C 














MAGNETIC AMPLIFIERS INC. 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 


West Coast Division 
_ 136 WASHINGTON ST, © EL SEGUNDO, CAL. * OREGON 8-2665 
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chapter on electron paramagnetic reso- 
nance in solid materials explains the 
early approach of Bloch (1946) and 
Rabi, Ramsey and Schwinger (1954) 
up to the latest methods of mixing of 
states used by Scovil, Feher and Seidel, 
and many others. Appendices present 
information on two important maser 
design techniques—the iso-frequency 
plotting and the multiple-pumping 
methods. 

To the reader interested in finding 
comprehensive information about mas- 
ers, Dr. Singer’s book will be invaluable 
as an introduction; he also provides a 
guide for further study by giving care- 
fully chosen references. —A.M.H. 


Fundamentals of Electronics. By 
E. Norman Lurch, John Wiley & 
Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y., 631 pages, $8.25. 


A thorough understanding of algebra 
and trigonometry are the only require- 
ments for an understanding of this 
basic text. The first chapter is an intro- 
duction to atoms, electrons, and current 
flow. The balance of the material in- 
cludes theory of components, a-c cir- 
cuits, amplifiers, inverters, oscillators, 
detectors, and finally, the cathode-ray 
oscilloscope. Equal emphasis is placed 
on vacuum-tube and semiconductor de- 
vices. Questions and problems are 
found at the end of each chapter. 


High Speed Computing Methods 
and Applications. S. H. Holling- 
dale, The Macmillan Company, New 
York, 244 pages, $5.00 (1959). 


The number of published books about 
computers is growing by leaps and 
bounds. Mr. Hollingdale’s book merits 
review in this magazine primarily be- 
cause it is written for the user (rather 
than the designer) of computers, with 
particularly lucid explanations of the 
principles of programming—the prepa- 
ration of problems for machine solution 
by breaking the necessary calculations 
into the most simple possible steps. A 
digital computer in the 1960’s is like 
Lewis Carroll’s Alice in Through The 
Looking Glass: “I can do addition,” 
she said, “if you give me time—but I 
can’t do subtraction under any circum- 
stances.” 

The application of programming prin- 
ciples, unfortunately, is not carried be- 
yond the pioneer work up to 1946. Al- 
though this book has permanent value 
because it presents the basic principles 
of programming clearly, the reader 
must understand that a great deal has 
been done in the application of these 
principles since the “dark ages” of 
computer development in 1946. Keep- 
ing the rapid developments of the past 
15 years in mind, he will find much that 
is worth his while in this well-written 
and carefully thought-out book.—a.M.H. 
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One 
Pallet of Quality 
-Coming Up! 


Whatever packaging you choose for the 
Roebling Magnet Wire you buy. you are 
certain the wire is of unsurpassed quality. 

Modern manufacturing methods... 
quality ingredients... wire making skill 
based on decades of experience... exact- 
ing testing and inspection—all these fac- 
tors combine to assure this one high stand- 
ard. Yet quality Roebling Magnet Wire 
costs no more than others! 


Roebling Magnet Wire 


comes in ty pes 


Zia 
4 


= applications 


and sizes exactly suited to your 
...and packaged to 
= give you utmost flexibility, efh- 

ciency, economy. Write Roeb- 
ling’s Electrical Wire Division, Trenton 2, 
New Jersey, for all the facts. 


Branch Offices in Principal Cities 
John A. Roebling’s Sons Division 
The Colorado Fuel and Iron Corporation 








tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 
analyzed and suitable graphs and no- 
mographs derived for design purposes. 
Major shock hazards such as large 
non-current-carrying metal parts and 
exposed sharp parts are discussed, as 
those numbers which correspond to the well as other specific design problems. 
reprints desired. (746) 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 


Editorial Reprints Available 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
Manturacrurinc, the board of editors 
Control System Representations, Decem- 
ber 1959, 3 pages. A chart showing 
seven basic control-system element 
classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
: . grams and time constants. This re- 
single-article reprints, without charge. No. of Number of pages print is now being included in the 
The numbers at the end of reprint Reprints 4-12 16-32 combined reprint of the recent series 
listings correspond to the numbers on ] Gratis Gratis on “Automatic Control System De- 
sign” by Ira Ritow (see p 210). For 
those who ordered the latter previ- 
ously, this chart may now be obtained 
individually free of charge by circling 
the proper number on the Reader 
Service postcards at end of book. (744) 


determines which editorial articles are 
to be made available to readers in re- 
print form. accompany all orders. Larger quanti- 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular EcecrricaL MANUFACTUR- 
inG reader qualifies for one copy of all 


ties, special quotation. 


Cost of Single-Subject Reprints 


the postcards incorporated in the Read- 2 $2.00 $3.75 
er Inquiry Service Section at the end 3.10 6.00 
of the book. Readers should circle p 7.50 12.50 





oscillator and an ultra-fast bistable 
switching device. (705) 


Powder Metallurgy Parts—Their Advan- 
tages in Design, March 1960, 9 
\ definitive exposition of the 


Magnetic Amplifier Computing Control 
Circuits, December 1959, 9 pages. 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers 
Covers amplifier design of one manu- 
facturer, basic circuits, typical applica- 
tions, and procedures for designing 
equation-solving circuitry to imple- 
ment Laplace transforms. (706) 


' Design Techniques for Static Inverters— 
Parts 1 and 2, January and February 
1960, 20 pages. Combined reprint of 
a two-part article giving the theory 
behind the circuits of a complete semi- 
conductor inverter (primarily for air- 
craft use) and practical advice on the 
actual design of such instruments. The 
inverter is broken down into 5 sub- 
circuits oscillator, control, drive, 

Fine-Pitch Gear Trains, March 1960, 7 power and filter-—and many examples 
pages. Gear quality classifications, cen- of various types of each are given. 
ter-distance considerations, and back- 


itages of powder-metallurgy tech- 
niques in design of electrical and 
electronic components. Specific case 
histories illustrate design experience 
with these compacted and sintered ma- 
terials. Properties and other design 
parameters are explored and illustrated 
by charts and photographs (721) 


Aluminum—Its Electromechanical Func- 
tion in Design, December 1959, 11 
pages. This Staff Report stresses the 

Space, weight and efficiency problems mechanical and structural uses of 

(723) aluminum and its alloys (as distinct 

from electrical conductor applications) 

in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed and suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (704) 


lash problems are discussed with  re- are also considered 
spect to fine-pitch gear applications in 
electromechanical computers, servo- 
positioning feedback systems, instru- 
ments and radars, and in line with 
current and projected ASMA. stand- 


(727) 


Research Progress in Dielectrics—1959, 
January 1960, 11 pages. The 13th 
annual on-the spot review of the Con- 
ference on Electrical Insulation of the 
National Academy of Science-Na- 
tional Research Council. The review 
abstracts and interprets the papers and 
discussion in the light of their short- 
range and long-range effects on prob- 
lems in equipment and systems de- 
sign. Included are discussions on re- 


ré 


Electromagnet Coil Design Charts, March 
1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a Effects of Temperature on A-C Magnetic 
Properties of Nickel-Iron Alloys, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 


primary factor in coil design of any 
kind, mathematical relations for design 


search activities in high-temperature 
must include it. For practical reasons, 


materials, nuclear radiation effects, 
ize is a step function: only par- 


izes are available. Coil design 

ore becomes a matter of judicious 
promise, involving successive ap- 
proximations. Graphic methods are pre 
sented for facilitating d-c and a-c coil 
design to minimize re petitive computa- 
tions. Derivations and examples sup- 


port the design charts (725) 


The Esaki “Tunnel” Diode, February 
1960, 12 pages. Theory of operation 
of the most recent addition to nega- 
tive-resistance semiconductors is ex- 
plained in terms of the wave-like prop- 
erties of electrons. The  diode’s 
small-signal behavior is described, its 
application as a low-noise amplifier ex- 
amined, and its noise figure of merit 
established. Other uses are as low-leve ] 
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capacitor dielectrics, microwave prop- 
erties, and associated test techniques. 
(745) 


P-N-P-N Four-Layer Diodes in Switch- 


ing Functions, January 1960, 7 pages. 
Theory of operation of two-terminal 
transistor-like devices which can be 
switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
pressions derived for operating para 
meters (743) 


Prevention of Electric Shock Hazard as 


a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance 
of stressing electric shock hazard fac- 


provide design data for developmental 
magnetic devices and to observe tem- 
perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 
400, and 1000 eps describing varia- 
tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range 60 to +250 C (737) 


Rectifier Voltage Transients—Causes, De- 


tection, Reduction, December 1959, 
7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
circuits, detecting their presence in 
actual equipment, and providing means 
for their effective reduction. (729) 

(Continued on page 197) 
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This finned hole cover, cast for a leading elec- 
trical manufacturer, is only one of many “Cast- 
ings by Mansfield” for the electrical industry. 
Years of experience in producing castings to 
close tolerances, castings in special alloys, cast- 
ings with special finishes and fully or partially 
machined castings make Mansfield the choice 
as a prime supplier of castings to many of the 


leading electrical equipment manufacturers. 


We'll be happy to work for and with you to 
meet your most exacting specifications in brass, 
bronze and aluminum alloy castings. Write, 
wire or phone. 


MANSFIELD BRASS & ALUMINUM CORP. 
Mansfield, Ohio 


BRASS AND ALUMINUM™M 


MARCH 1960 Circle 196 on Inquiry Card 





Thole 1] 


The relay that doesn’t know how to fail! 


We got tired of waiting for this General 
Electric Miniature sealed relay to stop. 
It just kept switching .. . and switching 

. and switching ... through more than 
750 million no-load operations before 
we finally gave up and took it off test. 


Frankly, we just don’t have the time 
or patience to find out what its actual 
mechanical life really is. We’re too busy 
building highly reliable relays for com- 
puter, machine tool, instruments, and 
other industrial electronics jobs. 

But, this doesn’t mean we're “asleep 
at the switch” and don’t know why the 
G-E Miniature relay performs so re- 
markably. It all stems from a superior 
E-frame magnet making possible larger 
gaps and more overtravel .. . a molded 
stack for mechanical rigidity .. . Beryl- 
lium copper contact springs assuring 
long spring life . and, a knife-edge 
pivot which eliminates pivot wear. 


Now don’t get the idea that this re- 


196 


liable performance is confined to a me- 
chanical-life test. To the contrary, this 
rugged relay is pre-conditioned to a life 
of “hard knocks.” Built-in shock and vi- 
bration resistance (ranging to 50G’s 
shock, and 10G’s vibration at 5-500 
cps) mean that the G-E Miniature can 
cope with just about any industrial 
demand. And, under typical conditions, 
a G-E Miniature relay will switch the 
coil of a similar relay through at least a 
hundred million operations. It can switch 
size “O” or “00” contactor coils more 
than 40 million times! 

What’s more, a General Electric in- 
dustrial Miniature requires less than 
one watt of power—a significant bene- 
fit when a number of relays are in the 
circuit. And, operating times as short 
as 10 milliseconds are possible, accom- 
panied by a sustained repetition rate 
of 2000 operations per minute! 


Add to all of this the fact that a G-E 
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Miniature’s small size saves valuable 
panel space ... that it’s not position- 
sensitive and can mount in any plane 

. that wiring is convenient... that 
the clearance and creepages on the 
header and socket meet NEMA require- 
ments ... and you know why the G-E 
Miniature sealed relay will out-perform 
any other type of relay in many indus- 
trial electronic applications. 

Why not see your G-E Apparatus 
Sales Engineer today? He has all the 
details on the seven forms of General 
Electric Miniature sealed relays—each 
in a wide variety of terminations—for 
virtually every industrial switching need. 
Or, if you prefer, mail the coupon at 
right. General Electric Co., Specialty 
Control Dept., Waynesboro, Virginia. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Unique construction features 
give G-E Miniature relays 
unmatched reliability in 
industrial electronics jobs 


LONGER MECHANICAL LIFE of G-E in- 
dustrial relays is due—in part—to 
G.E.’s exclusive use of molded contact 
stacks which won’t loosen or shift to 
the degradation of relay performance. 


DEPENDABLE PERFORMANCE is contrib- 
uted by the powerful G-E E-frame 
magnet—another exclusive design pro- 
viding higher contact pressures, larger 
contact gaps, more contact overtravel. 


GREATER STABILITY of G-E relays is 
a result of G.E.’s unique support de- 
sign with the relay actually supported 
by its can. Other relays use a canti- 
lever support from the base only. 


General Electric Company 
Section B792-15 
Schenectady, New York 


Please send me a free copy of 
Bulletin GEA-6665A, Sealed Re- 
lays for Industrial Application. 


Name. 
Address 
City __ 


State 
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Inherent 


November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such 


ance and a list of accelerometer manu- 
facturers and the types of units they 
make. 


Motor Overheat 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 


house solution uses thermistors in a | 


newly discovered positive-temperature- 
coefficient resistor mode. Cutler- 
Hammer's approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (739) 


Beryllium — The Metal and Its Design 


Potential, November 1959, 7 pages. 
A review of the properties and appli- 
cations of beryllium and some of its 
alloys as related to the design func- 
tions. Physical, thermal, electrical, 
optical and nuclear properties are 
detailed and projected into design 
considerations. Design parameters are 
explored and expanded with the aid 
of charts, tables and graphs. (719) 


| Motor-Blower Selection Factors, Novem- 


ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blowers as a guide 


for selection. (717) 


Core Factors in Magnetic Switch Per- 


formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented. (732) 


Effects of Temperature on Magnetic Core 


Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
3 Mo Thermenol, Supermendur, 7-70 
Perminvar, Orthonol, AEM 4750, 4-79 
Mo Permalloy. (710) 


Generator, October 1959, 9 pages. 


Advantages of the four-bar linkage as | 


a computing and control element are 
i 


as those found in | 
inertial guidance. Includes an intro- | 
duction to the theory of inertial guid- | 


(712) | 


Protection | 
Moves inside the Field Coils, Novem- | 


Accelerometers and Their Characteristics, | 


The Four-Bar Linkage as a Function | 


WEST VIRGINIA 
PRESSBOARD INSULATION 


Higher Quality 
at Lower Cost 


These fine pressboards are replacing 
more costly types of insulation. They 
offer uniform quality and outstanding 
dielectric, physical and chemical proper- 
ties because they are made of 100% 
virgin kraft pulp produced in our own 
pulp mill. No metallic particles! Choice 
of thicknesses makes selection easy. 


PRESSITE: An absorbent, unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natural 
kraft color. .031’’ to .250’. 


ELECTRITE: A hard board with high 
tensile strength. All punchings are 
clean and smooth. Sized with natural 
rosin to resist moisture. Available in 
brown or black. .031’’ to .187”. 


DENSITE: An extremely hard board 
with great tensile strength. Sized for 
moisture resistance or unsized for ap- 
plications in oil. Natural kraft color. 
031” to .125”. 


Ask for Underwriters’ Laboratories report 
#E3987. Write Board Products Sales, 
West Virginia Pulp and Paper Company, 
230 Park Avenue, New York 17, N.Y. 


West Virginia 
Pulp and Paper 
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Tae) 


FOR AUTOMATING 


fe 


: Ask for bulletin 740. 
= 


model MT 
STEP SWITCH 


INDUSTRIAL PROCESSES 


model HZ4 

MICROFLEX RESET COUNTER 

Use to control an operation for a 
preset number of counts. Has 
spring reset to “0."" Dial ranges 19, 
400 and 1,000 counts. 


Ask for bulletin 720. 





model HZ200 
ADD-SUBTRACT COUNTER 


Add-Subtract counter — operates 
from ADD pulses which trip switch 
at maximum limit—and SUB- 
TRACT pulses which trip switch at 
“0” limit. 


Use for sequence control from 
pulses—19 contacts—60 cycle 
coil-break out cam lugs. 


Ask for bulletin 780. 


model HZ6 
MICROFLEX REVOLUTION COUNTER 


Use to control an operation as a 
function of mechanical movement— 
drive shaft can be mechanically 
connected to machine, spindle, con- 
veyor, etc. 


Ask for bulletin 730. 


model HM 
MULTIFLEX (Multiple Circuit) TIMER 


Use for sequence control of 1 to 7 
circuits. With shaft drive for me- 
chanical connection to an external 
drive mechanism. 


Ask for bulletin 130. 


Write us regarding your count problem. 
Services of Sales Engineers in 25 district 
offices are available without obligation. 
Address Dept. EM-360. 
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outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Silver and Silver Alloys—Properties and 


Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 


Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
sistance of circular cross-sections of 


metals, (709) 


Engineered Cooling Cuts Equipment 


Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (713) 


Joint Factors in Stacked Magnetic-Core 


Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel-it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


Fluorochemical-Vapor Cooling Tech- 


niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 
given. (718) 


Air Filters for Electronic Equipment, 


August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


(Continued on page 200) 
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MSGILL’ 


O800 SERIES 
20 AMP. 


ROCKER 
SWITCHES 


ELECTRICAL RATING: 
20 amp. 125 volt AC 1'/, hp 
10 amp. 250 volt AC 2 hp 
Already standard on well known 
washers and dryers. 


NEW McGILL Rocker Switches meet the appearance, operational, dimensional and cost re- 
quirements of a wide range of appliance and electrically powered equipment applications. 
Hundreds of variations with respect to actuator colors, mounting brackets, circuitry and ter- 
minals are available to solve your specific problem. Heavy duty construction and higher ratings 
insure long life. Contacts of silver cadmium oxide on special copper, silver plated terminals and 
connecting parts, housings of impact resisting phenolic. These new 0800 series switches re- 
flect the quality built into McGILL switches and electrical specialties for over fifty years. 


MSGILL 


SWITCHES GUARANTEE EXTRA PRODUCT DEPENDABILITY 


All McGILL switches are built of selected materials to an exacting set of produc- 
tion quality control standards. They can make the differences you want and need 
in your product’s dependability. 

Shown here are just a few “performance proved” McGILL switches used by well 
known appliance, machinery and electronic equipment manufacturers.* If you 
have a special switch requirement, McGILL Electrical Division Engineering will 
be glad to help. Write for literature. 


TOGGLE SWITCHES 


Impact resistant, dust-proof and vibration proof 
Levoul pronaces the performance of the famous 
mech anism. Available in 6 amp, to 1$ 
mp. SP and DP models with added DC and HP 
rang s. Single, 2 circuit and 3 way; choice of ter- 
minals on most models. 


1901 SERIES MOMENTARY CONTACT 
SWITCHES 


Simplified switching action utilizes two recision 
wound stainless steel springs. Contact ouncing 
is eliminated. Standard with variety of circuitry in 
both 15 and 30 amp. models, with 2 amp. DC 
rating. Contacts inlaid with silver cadmium oxide. 
Six types of actuators. 


engineered electrical produets 


M°GILL 


precision netdle roller bearings 


No, I-100-L momentary contact N.O., 
sealed and corrosion resistant of stain- 
less steel. tse amp, 125-250 V, 1 H.P., 
AC 1am deal for garbage dis- 
posal an ‘hontias uses, 


No, 1601 open blade snap switch, 7 
to 10 amps. 125 V AC, SPDP, SP 

or SP NO. Suited to tape rolindioe 
dish washers, electric can openers aad 
similar applications. %” x %” x 1%” 
overall, 


*Names and applications available upon request. 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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| Relay Test Code Advanced, July 1959, 


ena: | 
; 10 pages. The gist of relay design 
curate | 


and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 


s =. | 
MEASURING mittees are summarized. (708) 
i 
INSTRUMENT Construction and Use of Alignment 
X i | 
x | 


Nomograms, June 1959, 5 pages. The 

advantages of alignment nomograms 

over Cartesian curves for many en aCe 
gineering purposes are related. Specific 
procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pel aly el Ly 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems 
Areas of application are summarized 
and test methods listed. (703) 

100% load, 

Clad and Laminated Metals—Their De- 130v input 
sign Potentials, June 1959, 7 pages. | 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 
give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal Moderate-cost Sola 
Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 


foc idiaor on oy ead ben | || Per ct! mobrdemm combinations | VOLTAGE regulator has 


by typical case histories 


tories, inspection departments, and on pro- supported by graphs, charts and illus 


ae — | sinusoidal output 


How to Specify Insulating Varnishes 


a ee For oe oe May we The Sola Standard Sinusoidal Con- 
unit, these precision instruments are easy 6 pages. Major insulating varnish 4 a | ee eee ee 
. dies bent nae seated sue hiaeiied, ‘Whale. wenbuatios stant Voltage Transformer provides 
err oe and application areas evaluated, and | @ commercial sine-wave output at 


compatibility with other elements of | no price premium over conventional 
steel attachments included make them ver- electrical systems analyzed. Emphasis regulators. As a result, all the advan- 
satile enough to measure force in practically is given to insulating varnishes as key tages of static-magnetic control can 


any mechanism at any stage of assembly. | components in designing insulation oye, ee ; : 
systems for optimum equipment life be utilized in a wide new range of 


*Proot of their value: Many companies have and reliability. (730) | applications where regulated, har- 
ordered single Force Indicators and, after | monic-free supply voltage had been 
discovering their many uses, have sent Static Switching Today, May 1959, 9 
orders for bulk supplies—from a dozen up! pages. A survey of static switching as 5 : 
it is applied in machine control sys- The simple, maintenance-free unit 
tems. Includes theory of switching | gutomatically and continuously sta- 
circuits and how various types of de- bilizes output voltage within +1% 


measule: vices are used. Units supplied by 
odels, 1 “4 . . ' sup] ‘ j rariati ac crac . 507 
13 Gand 32028 ' various manufacturers are also de- for line variation as great as +15%,. 


scribed (714) | Average response time is 1.5 cycles 
| or less. Output has less than 3% rms 
Electromagnet Copper-to-lron Ratio for | harmonic content. 


Output wave shapes under widely dif- 
ferent input and load conditions. Sola 
Cat. No. 23-13-150 used in this test. 


too costly. 


series L Gates 


an 
a D, 0, and 30 "dS 
7 J, 


,. 6 Models, *° measure: 
Series D Gare "00 and 500 \bs Optimal Design, March 1959, 4 pages. ; : 
50, 75 100, 159, ¢ | The design of an electromagnet by Nine stock units are available with 

analysis instead of by successive ap- | output ratings from 60va to 7500va. 
ee permits determining the | Custom units are available in pro- 
vest ratio of copper to iron. Details of ae é ae 
the method are illustrated using a duction quantities. 


THE HUNTER continuous-duty d-c tractive magnet as 
meen aa, ~ (720) Write for bulletin 6C-CVS 


INDICATOR | | Progress in Micro-Module Development, 


j March 1959, 8 pages. An ELECTRICAL SO LA 


, ; MANUFACTURING Staff Report describ- BP 
HUNTER SPRING COMPANY ing significant accomplishments in the A DIVISION OF Cc € 
A Division of American Machine and Metals, Inc, Signal Corps Micro-Module Program. BASIC PRODUCTS CORPORATION 

LANSDALE, PENNSYLVANIA Details of micro-element development Sola Electric Co., 4633 W. 16th St., Chicago 50, Ill, 


Q grams; ! 
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ARNOLD: 

YOUR H.0. 

FOR MAGNETIC MATERIALS 
AT THE IRE SHOW 


* PERMANENT MAGNETS 


Cast Alnico ¢ Sintered Alnico 
¢ Arnox ¢ Vicalloy * Cunife 


MAGNETIC CORES 


Tape Wound Cores of Deltamax, 
Supermalloy, Permalloy, 
Supermendur, etc. 


Type “C,” “E” and “O” Cores of 
Silectron ¢ Bobbin Cores 


Mo-Permalloy Powder Cores 
¢ Iron Powder Cores « Sendust Cores 


SPECIAL MATERIALS 


Barium Titanates 
¢ Permendur ¢ Vibralloy 


AT THE ARNOLD EXHIBIT: 
Booths 2509-11-13 and 15 


wARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


$$$ ————_ 
THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL, 
BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES 
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The B-58 Hustler, America’s first supersonic bomber, is now in production for the 
U. S. Air Force at the Fort Worth, Texas, Plant of the Convair Division of 
General Dynamics Corporation. Carrying a crew of only three, the B-58 is 
designed to operate at altitudes above 50,000 feet and is powered by four 


General Electric J79 turbojet engines. 


Sprague Awarded Contract 


For Engineering Assistance 
On B-58 Hustler 


The abundance of electronic 
equipment fitted into the small, 
dense, supersonic B-58 Hustler 
calls for comprehensive inter- 
ference control engineering. To 
obtain on-the-spot assistance 
for this extremely complex en- 
gineering problem, the Weapon 
System Manager for the Mach 
2 bomber at Convair’s Fort 
Worth Plant has awarded a spe- 
cial contract to the Interference 
Control Field Service Depart- 
ment of the Sprague Electric 
Company. 


Under the terms of the con- 
tract Sprague will assist Convair 
with the integration of both 
electrical and electronic equip- 
ment of airborne and ground 
systems into an even more effec- 
tive and reliable weapon system. 
Sprague staff engineers assigned 


to the project are already at 
work at the Fort Worth Plant. 

Sprague Interference Control 
Laboratories located in Dayton, 
Los Angeles, and North Adams, 
are supporting the Convair pro- 
gram as testing and sampling 
facilities. These laboratories are 
staffed by top interference and 
susceptibility control special- 
ists, and are equipped with the 
most advanced instrumentation 
and model shop facilities. 

For assistance with your 
Interference, Susceptibility, and 
Integration problems, write 
Interference Control Field Ser- 
vice Manager, Sprague Electric 
Co. at 12870 Panama Street, 
Los Angeles 66, California; 
224 Leo Street, Dayton 4, Ohio; 
or 307 Marshall Street, North 
Adams, Massachusetts. 


SEE US AT THE I.R.E. SHOW—BOOTHS 2416-2424 
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are given and preliminary modules and 
modular assemblies are illustrated. (736) 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magnetism 
and Magnetic Materials for: computer 
elements, microwave components, per- 
manent magnets, soft magnetic alloys 
and new magnetic devices. (702) 


Designing Optimum Inductors’ with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- 
mit up to 78 per cent volume reduction 
of iron-cored inductors carrying asym- 
metrical currents. Analysis and syn- 
thesis procedures for iron (Audio A) 
or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 
the specific case. (701) 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por- 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 
dustry use in conjunction with the 
JIC Standards for Industrial Equip- 
ment (see Reprint 724). (722) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. Re- 
vised specifications for the application 
of electrical apparatus to welders and 
other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send check 
with order payable to ELecrricaL 
MANUFACTURING, 205 East 42 Street, 
New York 17. : (724) 


Postcard return forms are provided 
at end of book as a convenience to 
the reader in obtaining 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any product 
or service described. 


ELECTRICAL MANUFACTURING 





NOW EXCLUSIVELY VACUUM MELTED 
KARMA High Resistance Alloy 
THERLO Glass Sealing Alloy 


This dramatic “first” in the manufacture of nickel alloys by 
Driver-Harris has been achieved by expanded vacuum melt- 
ing capacity. It is still another example of our continued 
leadership in producing electrical and electronic nickel alloys 
of the highest purity. 


D-H vacuum melting produces alloys of higher ductility and 
tensile properties. These are achieved by greatly reducing 
inclusions, especially oxides and nitrides. Other direct bene- 


VACUUM MELTED KARMA® High Resistance Wire 


The temperature coefficient of superior KARMA resistance 
wire has been improved to less than +10 parts per million 
from —60°C. to +125°C. Higher stability and linearity are 
added to these important properties. 


e Low thermal EMF against copper (equaled only by 
Manganin) 
Improved ductility 
High resistance to oxidation 
Wire sizes down to .0005” 
800 ohms per circular mil foot 


fits are elimination of gas, not only from the surface but 
from the entire mass, and general improvement in the elec- 
trical, electronic and mechanical properties to meet critical 
specifications. 


For additional information about Karma, Therlo and the 
other 130 high-nickel alloys manufactured by Driver-Harris, 
write for a copy of the D-H Alloy Manual. 

*T.M. Reg. U.S. Pat. Off. 


VACUUM MELTED THERLO®* Glass Sealing Alloy 


improved workability is the major result of vacuum melting 
THERLO...the long established cobalt, nickel, iron alloy 
for sealing to hard or thermal shock resistant glass. 
THERLO also: 


e@ Produces a permanent vacuum-tight seal with simple 
oxidation procedure 
Resists mercury 
Is readily machined and formed—deep drawn or spun 
Can be welded, soldered, brazed 


is available as rod, wire, strip, sheet foil—and in 
special shapes 


DRIVER-HARRIS COMPANY , 


HARRISON 22, NEW JERSEY ° 
Distributor; ANGUS-CAMPBELL, INC., Los Angeles, San Francisco * 


MAKER 


MARCH 1960 


BRANCHES: Chicago, Detroit, Cleveland, Louisville 
in Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


AND HEAT-TREATING IND TRIES 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


on 


Reprint Title 5 
Infrared $.90 
Thermoelectric Effects 90 
Network Analysis 90 
Determinants and Matrices .90 
Sampled-Data Systems .90 
Microwave Amplifiers .90 
Digital Methods .90 
Properties of Plastics .90 
The Electric Field .90 
Shock and Vibration .90 
Key to Metals .90 
Heat Flow Theory .90 
lerromagnetism .90 
Fourier Analysis .90 


MN aa 44 to 
wou ug ui ot ol ol Oo ct Ul Ut UL 


Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Slide Rule Mathematics .90 
Casting Resins 1.75 


Sa ay 


Infrared—Fundamentals and Techniques, 
March 1960, 20 pages plus cover. A 
comprehensive introduction to the the- 
ory of one of the most rapidly growing 
fields in engineering. Basic principles 
of radiation and detection (including 


Wien’s Law, Rayleigh-Jeans Law) are 
derived and explained. Effect of infra- 
red on metals, ionic crystals, and semi- 
conductors is described with regard to 
the use of these materials in infrared 
systems and devices. Various types of 


ORDER FORM 


Please enclose remittance (cash or check) with your order. 


No. of 
copies 


Infrared—Fundamentals and Techniques 


Thermoelectric Effects 
Network Analysis . . 
Determinants and Matrices 


___. Sampled-Data Systems 


____ Automatic Control System Design 


___. Low-Noise, Solid-State Microwave Amplifiers 
aa Digital Methods in Measurement and Control 


Fundamental Properties of Plastics 


The Electric Field 


Fundamental Nature of Shock and Vibration 


Key to Metals in Design Engineering 


Heat Flow Theory 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


_____. Slide Rule Mathematics 


—___—._ Casting Resins and Application Techniques 


Total Copies 


$ 
~ Total Order 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


NAME 


COMPANY 


ADDRESS 


|) 


TITLE 


.. ZONE 


(Add 3% City Sales Tax for New York City delivery.) 


sources, windows, prisms, detectors, 
and spectrographs are discussed quali- 
tatively. Also includes theory of use of 
infrared in practical applications such 
as thermal mapping, missile tracking, 
chemical analysis, ete. $1.00 


Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as 
developed by Seebeck, Peltier and 
Thompson (Kelvin) are brought up to 
date in the light of new semiconductor 
thermopile compounds. Thermoelec- 
tricity is discussed from free-electron 
and thermodynamic points of view. 
Four basic applications of thermoelec- 
tric phenomena are considered: power 
generation, heating, cooling, and tem- 
perature sensing. Author Robert P. 
Benedict, of Westinghouse Electric 
Corp., is an authority on thermo- 
couples. $1.00 


Network Analysis, January 1960, 28 
pages plus cover. With preliminary 
concentrated treatment of elementary 
concepts of circuit analysis, the author 
presents a discussion of present-day 
practices in network engineering and 
their theoretical background. Network 
theory as a coherent and _ unified 
study is stressed, as contrasted with 
the less powerful and less useful tra- 
ditional approach to circuits which in- 
volved isolated and unrelated “meth- 


ods” of analysis. $1.00 


Determinants and Matrices, December 
1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements, Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 
cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to 
demonstrate the time- and error-sav- 
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Consistent/y Dependable Capacitors 
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Cornell-Dubilier now combines highest purity aluminum 
foil with a patented cleaning process to eliminate all 
impurities in making electrolytic capacitors for power 
supplies and control circuits in military and industrial 
computers, electronic controls and other high-reliability 
electronic equipment. The process, specially developed 
for Type FAH high-reliability capacitors, achieves a 
freedom from corrosion that heretofore was considered 
impossible in foil-type electrolytics. This combination of 
highest-purity foil with complete freedom from con- 
taminants also assures you that C-D electrolytic ca- 
pacitors will have low leakage current and long shelf life. 
For complete engineering data, write for Bulletin 538 


CDE CORNELL-DUBILIER 


AFFILIATED WITH 


MARCH 1960 


FEDERAL 


a a 


MCC MSS 


" 


to Cornell-Dubilier Electric Corporation, South Plain- 
field, New Jersey. Manufacturers of consistently depend- 
able capacitors, filters and networks for electronics, ther- 
monucleonics, broadcasting and utility use for 50 years. 


SPECIFICATIONS AND FEATURES 


e Heavier tabs and longer staking lengths for excellent cur- 
rent-carrying characteristics. e Hermetically sealed, alu- 
minum cans with molded cover. e Also available with outer 
insulating tube of wax-impregnated Kraft board or plastic. 
e Hermetically sealed with Hycar rubber gaskets. e Tapped 
terminal inserts or solder lug terminals. e Standard di 
ameters: 1%”, 2”, 2%” and 3”. e Can height: 41%”. e Voltages: 
3 to 450 VDC. e Capacitances: to 65,000 mfd. depending on 
voltage. e Temperature range: —20°C to +85°C. 


ELECTRIC CORPORATION 


PACIFIC ELECTRIC COMPANY 
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‘ ss itt Now in mass production for more than 4 years... 


mathematical shorthand $1.00 

Sampled-Data Systems, November 1959, _ 
20 pages plus cover. An introduction 
to the analysis of closed-loop control 


systems in which the input or error 


signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- | 
verter, digital computer, etc Presents | 


impulse-response, frequency-response, 
p-transform and z-transform methods. 


Shows how to plot Nyquist, Bode and Now get advanced application information and complete 


root-locus diagrams with z transforms. 


Written by Carl O. Carlson of the Na reliability and life-test data on Tl grown-junction silicon 
tional Cash Register Co., whose con- : ’ 1 
tributions to the art include: the use transistors based on four years experience. 
of the normalized sT plane for ana- 
lyzing sampling adequacy, “pseudo- | PARAMETER TEST CONDITIONS AND LIMITS PARAMETER TEST CONDITIONS AND LIMITS 
sampling” for determining between- ACCEPTANCE UM] 
PARAMETER TEST ACCEPTANCE LIMIT 
sample response and the use of the CONDITIONS 
z transform for table-generating func- oe! 


tion. The last is presented for the first 
time in this article. $1.00 


Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina- | 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid- 
state, three-level solid state and optic- 
ally pumped devices) and parametric | 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 





bs : Icno and hre characteristics of a sample of 60 TI 2N337 and 2N338 units over a 
Digital Methods in Measurement and|  § week period. These tests are conducted by TI’s independently operated Quality 
Control, September 1959, 20 pages Assurance Branch, and are representative of the complete parameter behavior 
plus cover. This review of digital tech- test information in the Silicon Transistor Reliability Data brochure listed below. 
niques covers: (1) characteristics and 
advantages of the digital, or numerical, 
approach; (2) basic principles of 
coding, sampling and quantizing; (3) 
digital components and techniques for | 
logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR cir- | 
cuits, comparators, memory devices, 
and relative characteristics of cores, 
tubes, transistors and relays; (4) 
digital measurement devices, includ- 
ing pulse generators, counters, voltage 
converters, proximity pickups and posi- 
tion transducers; (5) digital control | 
actuators. Written by Michael H. 
Nothman, Gilfillan Bros., Inc., Los | 
Angeles. $1.00 | 


The Fundamental Properties of Plas- | 
tics, August 1959, 16 pages plus cover. 
The fundamental science of polymeric 
materials is related to design engineer- | 
ing properties of plastics. Discussion | 
covers: the molecular formation of | 
polymers; the chemistry of addition | 
polymers; the chemistry of condensa- | 
tion polymers; the theoretical basis for 
mechanical, electrical and chemical 
properties of polymers. Bibliography | 
and glossary provided. Written by 
Thomas D. Callinan, Research Center, 
International Business Machines Cor- 


poration, and Alex. E. Javitz, Special These reports are available by writing On your letterhead 


Features Editor, ELtecrricaL Manu- 


FACTURING. $1.00 to your nearest TI sales office, and are not available 
(Continued on page 208) through magazine reader service cards. 


PUSH-PULL TRANSISTORIZED SERVO HIGH-INPUT-IMPEDANCE AMPLIFIER 
AMPLIFIER USING SILICON TRANSISTORS 


Description of a 2-watt transistorized Amplifier described has input imped- 
servo amplifier which, using unfiltered ance of 8 megohms, voltage gain of 40 
rectified a-c for the collector supply, db, and output impedance of 600 ohms. 
has high collector efficiency. 


TRANSISTORIZED VOLTAGE REGULATOR HIGH-FREQUENCY CHARACTERISTICS OF 
CIRCUIT GROWN-DIFFUSED SILICON TRANSISTORS 


Description of a circuit which can reg- Description of characteristics of 

ulate the voltage to loads demanding 2N338 switching and general-purpose 

up to 600 ma. unit and 3N34 and 3N35 very-high- 
frequency tetrodes. 


SILICON TRANSISTOR RELIABILITY DATA 


Complete parameter analysis of TI 2N332 through 2N343 

Pee ee rem —a graphic presentation of parameter behavior with time 
aves when one type transistor from a series is subjected to stated 

tests. The graphs above are representative of this data. 
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... With reliable T/I silicon transistors 


New improved TI 2N337 and 2N338 specifications 
provide greater design flexibility for your switching 
circuits ... nuclear counters ... pre-amplifiers .. . 
RF amplifiers ...455 KC IF amplifiers ...and many 
other high frequency applications. 

You get high gain at low current levels with TI dif- 
fused silicon transistors. High alpha cutoff ...10 me 
min for 2N337, 20 me min for 2N338...and ex- 
tremely low collector capacitance assure optimum 


performance in your switching and high frequency 
amplifier applications. 

Over four years of mass production and successful use 
in the most advanced military and industrial appli- 
cations have proved the value of the TI 2N337 series. 
Consider TI’s guaranteed specs when you select de- 
vices for your next transistor circuit. These units 
are immediately available in production quantities or 
from large stocks at all authorized TI distributors. 


design characteristics at 25° C ambient (except where advanced temperatures are indicated) er 2N337 ee 2N338 ——, 


test conditions 


IcBo Collector Cutoff Current Vep = 20V le =0 

at 150°C Vep = 20V Ip =0 
BVcso Breakdown Voltage log = 50uA Ie =0 
BVeBo Breakdown Voltage leg = 50uA Ic =0 
hip Input Impedance Veep = 20V le = —IlmA 
Nob Output Admittance Vep = 20V le = —lmA 
Neb Feedback Voltage Ratio Veep = 20V le = —lmA 
ht Current Transfer Ratio Voce = 20V le = —lmA 
hre DC Beta Vee = 5V lc = 10mA 
fab Frequency Cutoff Vee = 20V le =—lmA 
Cop Collector Capacitance* Vee = 20V le = —lmA 
Res Saturation Resistancet Ipt Ic = 10mA 
hte Current Transfer Ratio Vep = 20V 
ty Rise time§ 

Storage Time 

ts Fall time 


Ie = —1mA, f = 2.5mc 
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* Measured at 1 mc t Common Emitter t Ip = ImA for 2N337, 0.5mA for 2N338 § Includes delay time (ty) 
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NEW PLANT (" ' 
You are cordially invited to 

visit us in Our new . 
factory — 242,000 sq. ft. of : \ , \ 
busy and well-organized , ; 


manufacturing capacity. DO 


COLD-HEADED 
SPECIAL PARTS 


Substantial savings are often available to manufacturers 
through the use of low-cost cold-headed parts in place 
of complex assemblies. Our sales engineers and field 
representatives are ready to give you skilled advice on 
possible applications in your products. Call your 


Elco representative. 


Write 
for Full 
Information 


ELCO i: SCREW CORPORATION 


1127 SAMUELSON ROAD, ROCKFORD, ILLINOIS 
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ATTENTION: | The Electric Field (an Electrical Applied 
© Physics Monograph), July 1959, 12 


O.E.M. ENGINEERS AND PRODUCT MANAGERS pages plus cover. Contents include dis- 


cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; 
Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. 
Jacobs, Associate Editor, ELecrricat 
MANUFACTURING. $1.00 


DEVELOP NEW PRODUCTS FOR YOUR 
COMPANY TO SELL USING DURAKOOL’S 
STEEL-BODIED “NUDE” MERCURY 
TILT-SWITCHES. 


The Fundamental Nature of Shock and 
Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical phys- 
ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 
the major types of shock (velocity, 
simple impulse, single complex and 
multiple). Combined environments are 
also treated. A section is devoted to 
the effects of shock and vibration on 
missile electronic components. Types 
of damage are tabulated and analyzed; 
principles of testing are given; speci- 
fications are summarized. Glossary and 
Bibliography included. Author is Dr 
Irwin Vigness, Head, Shock and Vi 


Basic uninsulated switches now 
available to designers and manufac- 
turers of equipment and wire harness 
assemblies. Many products use rubber 
or plastic casting, encapsulating or 
potting to apply these versatile low 
cost switches. 


Prices from 8% cents each. 


Capacities: 1 to 65 amperes: 6 to 
460 volts. 


Ideal for DC or AC loads. 


Sizes from .366” to .975” in diameter; 
.600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053. 


Durakool 


ELKHART INDIANA 


301 Fifth Ave. So., Minneapolis 15 

4747 Bronx Blvd., New York 70 

1969 Avenue Rd., Toronto 12 

P. 0. Box 1352, Postal Station 0. Montreal 
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Here’s how Wisconsin Ceramic Parts 
help cut production costs ! 


Highly developed manufacturing 
process makes it possible to obtain 
a great degree of accuracy on porce- 
lain, refractory, steatite and filter 
parts. 


The uniformity and toughness 
of Wisconsin Ceramic parts result in 


components that fit easily and accu- 
rately into place,—speeds assembling 
and increases production efficiency. 


Send a sample or blue print and 
tell us your requirements. We will 
be glad to quote prices and delivery. 


Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN 


PORCELAIN CO. 
NS Market St. 


SUN PRAIRIE, WISCONSIN 
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bration Branch, Mechanics Division, 
U. S. Naval Research Laboratory. $1.00 


Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles 
of metallurgy are presented and struc- 
tural characteristics of metals related 
to design concepts. Physical and mech- 
anical properties of metals defined. 
The nature and specifications of metals 
are detailed for better understand- 
ing of current literature. The effects 
of environment and mechanisms of 
damage are illustrated. Iron and steel, 
alloys of aluminum, precious and rare 
metals, copper, nickel and magnesium 
are presented in their basic design re- 
lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C, Com- 
munity College, and Harold E. Bar- 
kan. Associate Editor, FEvecrricat 
MANUFACTURING $1.00 


Heat Flow Theory, April 1959, 20 pages. 


A concise review of the major ana- 
lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec- 
trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, March 


1959, 32 pages. A new approach to 
the study of magnetism, derived from 
modern solid-state physics. Explains 
magnetic behavior and properties of 
magnetic materials in terms of fun- 
damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 
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“There's no 
substitute for 
experience’ 


During the past 

40 years General 
Industries has 
produced millions 
of electric motors 
for users throughout 
the world... 


It’s literally true that any device or 
machine is only as good as the motor 
that powers it. That’s why leading 
manufacturers around the world prefer 
to rest their reputation on GI Smooth 
Power motors. They know that with 
40 years’ experience in designing 

and building sub-fractional hp motors 
for every requirement, GI can be 
counted on to produce the best motor 
for the job, at the lowest possible 
price. Next time you have to make a 
decision on a motor, remember, 
“There’s no substitute for experience.” 
Specify GI motors: quality-proved, 
millions of times over! 


Smo Foner 


AC MOTORS 1/1800 H.P. TO 1/35 H.P. 
TO MEET EVERY REQUIREMENT 
Catalog Available on Request 


MAIN PLANT: ELYRIA, OHIO 


Conveniently located 25 miles west of 
Cleveland on the main line of the 
New York Central Railroad, 

and 16 miles from 

Cleveland airport. 


Other General 
industries’ plants: 
® Belleville, Ohio 

®@ Marysville, Ohio 

® Bald Knob, Arkansas 
® Putnam, Connecticut 


U 
a Se 


DEPT. GL ELYRIA, OHIO 
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Internal Structure of Ferromagnetic 
Materials; Magnetization Curves; Time 
Effects in Soft Materials; Effects of 
Atomic Ordering in Alloys; Interac- 
tions for Heterogeneous Systems; Mag- 
netic Materials of the Present and Fu- 
ture. Written by Anthony Arrott and 
J. E. Goldman of The Scientific Lab- 
oratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, Feb- 


ruary 1959, 16 pages. In system and 
subsystem design, Fourier analysis per- 
mits the design engineer to design or 
select devices for a particular transient 
performance solely on the basis of their 
steady-state sinusoidal performance. 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered. 
Written by Ira Ritow, Airborne Instru- 
ments Lab. $1.00 


COMPENDIUMS 


Automatic Control System Design, 64 
pages plus cover. A practical textbook 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres- 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in Exec- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 
Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 
and their various common representa- 
tions, including transfer functions, 
equivalent analog computer circuits, 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow, 
Airborne Instruments Laboratory. $3.00 


Engineering Applications of Boolean Al- 
gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry; 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
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FOR THE ENGINEER 


who can’t sleep nights 


If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 

It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reliability, 
and seldom needs maintenance. For this 


reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


AE relays and stepping switches are custom- 
made to your specifications — and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 
GENERAL TELEPHONE & ELECTRONICS 


Circle 212 on Inquiry Card 





MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power 
Patented feedback, or ‘Servo’ 
Circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


Te aad Vessel (oe) s 74s ee 
4 Godwin Ave. Paterson. N. J. 
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Thar alle aed Setar) 
Dl tM bmi aie ote 
rating economical terminal 
designs into the molded part 
Winding rejects resulting from 
Trt tale Mit lal?) Sete ee) 
Tare hi re] 


Cosmo Nylon Bobbins are 
laa eh tal Mata Talia lie 
lilt Ml Me alae lata tg 
specifications. Dimensional 
stability, high precision, close 
tolerance and reliable uni 
formity is assured 


Our engineering service is 
available on request. Send 
your specs to Cosmo for 
prompt action 


NYLON BOBBINS 
Reduce Your Coit 


Production Cost 


A. Flange Size 
Maximum 24%," x 3” 

B. Core Size “ 
Maximum o 
Minimum 5/32" 

C. Core Length 
Maximum 1-1/2" 
Minimum 1/4" 


D. Wall Thickness 


Maximum -093” 
Minimum -025" 


SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, 


fee Bye P ciehal at 


4 STREET 


ee Si ae 


% 


. TOwer 1 
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Oregon, Utah, Washington & Canada 


CLEVELAND 9, OHIO 


Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in ELectTRicaL 
MANUFACTURING includes “Capsule 
Calculus.” $1.00 


Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in ELecrricaL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. $2.00 


Plus or Minus 


(Continued from page 14) 


the correct standard symbols are used not 
only for diodes and transistors, but also for 
unijunction transistors and the PNPN de- 
vices which, as the writers of the article 
on page 71 point out, are called various 
things by various people. 

“If the IRE Symbols Committee had 
some form of Oscar, | would suggest that 
it be awarded without delay to this maga 
zine in spite of the fact that on page 82 
the large black dot, normally used to 
signify a gas-filled enclosure, is apparently 
serving to indicate a point-contact transistor 

“In any event, a glance through these 
articles will make you feel good.” 


Being all for standardization of sym- 
bols and going to great lengths to fol- 
low the prescribed standards (in this 
case, the IRE Standards on Graphical 
Symbols for Semiconductor Devices, 
1957, 2183) we are most pleased by 
Mr, Terhune’s letter, which was not 
written to us, but of which we received 
a copy and are taking the liberty of 
quoting. Unfortunately, the IRE Stand 
ard does not, according to our perusing, 
give a standard for the somewhat un- 
used point-contact transistor. Since the 
symbol used in the article is a standard 
in the author’s company, we chose to 
use it. J.R.R. 


Posteard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
on 

¢ New Components and Materials 

¢ Literature for the Design Engineer 

¢ Feature Article Reprints 

¢ Advertised Products 
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The Electrical Tape 
that stays flexible in foul weather 


Polyken Polyethylene #822 won't 


get brittle in severe cold—withstands 
ageing, chemicals and abrasives 


Here’s one electrical tape that doesn’t care how cold it gets. 
Polyken #822 stays flexible even in sub-zero temperatures. You 
don’t have to keep it in your shirt pocket. 4 
And with this polyethylene tape, you’re sure of maximum Just one-step insulation. You don't have to fool 
insulation. A dielectric strength of over 10,000 volts. Plus a new with any rubber-splicing compound or friction tape 
high for tape in resistance to ageing, water, sunlight and abrasion. combinations. All you need is Polyken Tape #822. 
What’s more, chemicals, solvents, fungi, acids and alkalies have 
little effect on this miracle plastic. You get permanence, stability 


: ® 
and inertness. 
Why not investigate this new tape? Polyken representatives 


are among the industry’s best trained technicians in the use and 


application of electrical tapes. ELECTRICAL TAPES 


Fed Your Look in the phone book under ‘““Tapes’’, or if you like, write 


Nearest Distribute: ad - , = E “hin. . 
ities Tenens to Poly ken Sales Division, 309 W. Jackson Blvd., Chic ago 6, rHE KENDALL company 
3 [linois. (In Canada, write Polyken, Curity Ave., Toronto. Polyken Sales Division 
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Literature 
for the 


Design Engineer 


All-new listings of manufacturer's literature just off the press . . 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electricall 


energized end products. 


TRANSISTOR-MOUNTING KITS 


Power-transistor mounting kits, provid- 
ing the necessary hardware to mount 
all power transistors in industry stan- 
dard TO-3 and TO-5 package, are in- 
troduced on one-page data sheet. With 
these mounting kits, types MK-10, MK- 
15 and MK-20, power transistors can be 
electrically isolated from chassis or 
heat sink while good heat-transfer 
characteristics are maintained. Insula- 
tion types are Teflon-coated glass cloth, 
mica and anodized aluminum. Motor- 
ola, Inc., Semiconductor Products Div., 
5005 E. McDowell Rd., Phoenix, Ariz. 

Circle 632 on postcard at end of book 


SPRING CATALOG 
Catalog of 20 pages lists over 750 dif- 
ferent springs available from stock. 
Catalog contains complete engineering 
data on springs which are both com- 
pression and extension in stainless 
steel and music wire. Both regular and 
instrument springs are represented. Lee 
Spring Co., 30 Main St., Brooklyn 1, 
Mies 

Circle 633 on postcard at end of book 


SYNCHRO AND RESOLVER 
TEST EQUIPMENT 
This 36-page catalog describes equip- 
ment which measures electrical charac- 
teristics of control synchros, torque 
synchros, and computing _resolvers. 
Theory of operation, operating pro- 
cedure, and specifications for each 
item of equipment are detailed. Theta 
Instrument Corp., 520 Victor St., Sad- 
dle Brook, N. J. 

Circle 634 on postcard at end of book 


PROTECTION HANDBOOK 


Booklet of 24 pages contains sugges- 
tions for selecting proper protective 
devices for electric circuits, motor ap- 
pliances and apparatus. It condenses 
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all National Electrical Code references 
covering various protection problems. 
It shows simplified diagrams of various 
circuits and describes dual-element 
fuses. Contains size-to-use motor pro- 
tection tables and a volt-loss table for 
Bussman Div., McGraw 
Edison Co., University at Jefferson, 
St. Louis 7, Mo. 

Circle 635 on postcard at end of book 


conductors. 


WELDED CONSTRUCTION 


Designer’s Guide for Welded Construc- 
tion has been altered to include recent 
revisions in Standard American Weld- 
ing Society Symbols. Bulletin 1100.1, 6 
pages, contains charts and illustrations 
providing information on the applica- 
tion of welding symbols, suggestions for 
better welded design, and other basic 
design data on welds. Lincoln Electric 
Co., Cleveland 17, Ohio. 

Circle 636 on postcard at end of book 


SELENIUM RECTIFIERS 


Bulletin 295, an eight-page brochure, 
presents basic rectifier information re- 
garding selenium rectifier “flats”, 
product description, and methods of 
selecting the right rectifier for a cir- 
cuit. “Flats” are available in all cir- 
cuit types from 15 to 600 volts and can 
be operated into resistive or capacitive 
load. Selenium Div., Radio Receptor 
Co., Inc., 240 Wythe Ave., Brooklyn 11, 
Ms 2. 

Circle 637 on postcard at end of book 


MOTOR CONTROL 


Seventy-two page motor control Cata- 
log 5900 provides a condensed but com- 
plete listing of general products. Charts 
for magnetic and manual starters give 
horsepower, motor speed, heater size. 
heater ampere ratings, and enclosure 
choices along with style numbers. 
Catalog contains descriptive copy, de- 


sign data, stocking information and 
ordering instructions for manual start- 
ers, magnetic controls, drum control- 
lers, pressure switches, various pilot de- 
vices, and other motor-control products 
and accessories. Furnas Electric Co., 
1024 McKee St., Batavia, Il. 

Circle 638 on postcard at end of book 


SWITCHING AND SENSING DEVICES 
An 88-page catalog presents informa- 
tion regarding pressure-actuated 
switches and sensing devices ranging 
from 30 in. Hg vacuum to 12,000 psi. 
Included in catalog are several sole- 
noids and the Melex snap-action switch 
that operates in temperatures from 
—300 to +500 F and will withstand 
40 to 50 g at 2000 cps. Meletron Corp.., 
950 N. Highland Ave., Los Angeles 38, 
Calif. 

Circle 639 on postcard at end of book 


FOUR-LAYER DIODE CIRCUITS 


Detailed information on design and 
operation of high-speed flip-flop and 
multivibrator circuits employing 4 
layer diodes is given in Application 
Data, publication AD-6. Bulletin de- 
scribes and diagrams representative 
free-running, monostable and _ bistable 
circuits and a square-wave generator 
circuit. Suggested circuit values given. 
Operation at high speeds and over 
wide temperature ranges discussed. 
Customer Engineering Dept., Shockley 
Transistor Corp., Stanford Industrial 
Park, Palo Alto, Calif. 

Circle 640 on postcard at end of book 


WIREWOUND RESISTORS 


Bulletin LC1066 describes and_illus- 
trates wirewound microminiature and 
printed-circuit resistors. Wirewound re- 
sistors are axial type (0.05 to 0.25 
watts at 450 k and 700 k ohms max, 
respectively ;; printed-circuit resistors 
(0.25 to 0.6 watts at 600 k and 2.5 
megohms max, respectively) replace 
former Cinema PW series. Cinema 
Engineering Div., Aerovox Corp., 1100 
Chestnut St., Burbank, Calif. 

Circle 641 on postcard at end of book 


METER-RELAYS 


Expanded-scale meter-relays with stan- 
dard accuracies to 0.5 per cent are 
described in a 12-page catalog issued 
jointly by Assembly Products and Vol- 
tron Products. Accuracy of these lock- 
ing-contact meter-relays is achieved by 
adding scale-expansion network. Cat- 
alog includes dimensions, typical cir- 
cuitry and_ specifications. Assembly 
Products, Inc., Chesterland, Ohio. 
Circle 642 on postcard at end of book 


ELECTRON TUBE THERMAL ANALOG 


Report 789 describes a thermal analog 
tube for determining dynamic power- 
temperature coordinates of electron 
tubes in compact systems. Tube with 
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1 thru 200 horsepower 
(other ratings 1/200 to 1 h.p.) 


““On-the-Job"’ Bearing Inspection 
and Relubrication are Easy! 


RosBins & Myers motor bearings 

are fully sealed and pre-lubricated 

to operate for years without atten- 
tion of any kind. However, when maintenance schedules 
call for bearing inspection and relubrication at shorter inter- 
vals, R&M motors cut downtime and save labor expense by 
making these inspections easy. The bearing cap on each end 
head comes off quickly when the four securing bolts are 
removed. The bearing seal, held in place by removable snap 
rings, likewise, is easily removed to expose the interior of 
the bearing. 

Easily removable bearing caps are only one of R&M’s 
many desirable design features. Double width bearing races 
have extra-large grease capacity ... Mylar* insulation that 
has 8 times the dielectric strength and 35 times more mois- 
ture resistance than ordinary paper insulation . . . end 
heads offer full-height protection . . . dual-sweep ventila- 
tion assures efficient cooling. For details, write today for 
Bulletin 520 EM 


*DuPont registered trademark 
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ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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standard miniature envelope contains 
anode, heater to establish thermal 
structure equivalent to conventional 
tube, and thermocouple between anode 
and envelope. Thermocouple used to 
measure heat transfer from tube to 


environment and thereby cooling re- 
quirements. Thirteen types available 
sample lengths of for 7- or 9-pin sockets. Research Coun- 
cil Ine., 1062 Main St.. Waltham 54. 
Mass. 
Circle 643 on postcard at end of book 


RANK MARKEL & S0 N S ELECTRICAL-GRADE SILICONE FLUID 
[. F Four-page bulletin SF-85 (50) de- 
SINCE 1922 scribes a silicone fluid designed prima- 

rily as a dielectric fluid: however, it 


may be used as a special lubricant. 
heat-transfer medium, or mechanical 


* 
fluid. Low-temperature pour point is 
é below 120 F, as determined by ASTM 
. Method D97-47. Silicone Products 
Dept.. General Electric Co., Waterford. 


Mm. WY. 
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INSULATING TUBINGS 
WALK-IN SPACE CHAMBERS 
A N D L Ee A D W I R Ee Four-page brochure describes features 


and capabilities of space chambers and 
pictures applications. Chambers _ in- 
clude specifications for conditions such 
as altitudes to 1.5 million feet, tempera- 
ture from 150 to +-2000 F, humidity 
to 95 per cent, rainfall to 24 in./hr. 
ram air flow, varied altitude climb and 
dive rates, solar radiation to 140 


If your specifications call for wide thermal characteristics, © watts /<q ft, radiant heat assemblies. 
. . *o *6* . . dissi ve io of li e o Slé ic los ds. é d 
superior electricals, excellent flexibility, chemical inertness—or any com- = °.'P"" Laden. cae ie 


bination of these properties — you will want to see Markel FLEXITE Teflon “tenia <i 1090 Springfield Rd.. 


tubing and Markel FLEXLEAD Teflon insulated lead wire — which will Circle 645 on postcard at end of book 
meet your specs, or make them! TIME-DELAY RELAYS 


Bulletin 5905, an eight-page catalog 


To acquaint you with these precision products, we will be glad to send = coutains data on relays incorporating 
you free experimental fengths of Markel FLEXITE and FLEXLEAD. Just mail = <0) “tate (ming module and featuring 


adjustable timing. Units available with 

the coupon todayfor your valuable Markel Teflon Kit. See ae 85% 
£ capable of 20 to 1 adjustment range. 

ps Ranges include: 0.050 to 1.00 see and 

* Du Pont tetrafluoroethylene resin up to 15.0 to 300 see. Timing adjust- 

ment made by change of external 

a resistance value. Bulletin includes 
description of circuit design, standard 

and special specifications, and othe 

data. Tempo Instrument Inc., Box 338. 


mail coupon Hicksville, N. Y. 
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L. Frank Markel & Sons, Post Office Box 752-A, Norristown, Pa. 


ELECTRIC HEATING ELEMENTS 


Guide to manufacturer’s heating ele 
ments, VG-100, four pages, illustrates 


Gentlemen: I shall be glad to receive a free Markel TEFLON Kit st aah coe a 
cartridge heaters, band heaters, ait 
duct and radiant heaters. and soldering 
Name equipment. Vulcan Electric Co., 88 
Firm Name es 7 Holten St., Danvers, Mass. 
Circle 647 on postcard at end of book 
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AIR AND HYDRAULIC CYLINDERS 
Information regarding low-pressure air 
a a eee eee Se SE eee eee wd and hydraulic cylinders is presented in 


a a neces 
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G.S. makes all types 
of Small Gearing with 
custom precision in pro- 
duction quantities — at 


| production prices — for 
Appliances - Electrical Motors - Computers - Missiles - and all critical requirements 


FRACTIONAL Hoy Have you been penalizing yourself with short-run production — at short- 
ye oe run high cost — to get the custom precision you require for an especially 
difficult, especially complex power transmission problem? Then G.S. has 

a lot to offer you. 


Because they know that G.S. does much more than just “make 
Gears,” a long list of leaders in a dozen major industries — and hundreds 
of smaller but mighty important producers of quality units — have for 
many years depended on G.S. ability, G.S. experience and G.S. perform- 
ance to supply all or the major part of their Small and Intermediate Gear- 
ing requirements. 


If you need Small or Intermediate Gears of any type, made to meet 
high-precision specs, G.S. can do more for you, too — whether it’s a mat- 
ter of developing better methods of power transmission for new projects, 
or improving performance and costs on old ones. Our engineers are at 


Spe cia HOS ri a your service — call or write us today. 


2635 WEST MEDILL AVENUE , seinen d folder! See wh tb 
SM END FOR G.S. s//ustrated folder! See where and bow we mass- 
sh tad ih Mehta S/ . manufacture Small Gearing to uniformly fine tolerances. Folder 
contains 23 pictures of Small Gears, plant view, Diametral and Cir- 


cular Pitch Tables, Ask for yourcopyon company stationery, please! 
SPURS © SPIRALS © HELICALS © BEVELS * INTERNALS 


WORM GEARING * RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS Ma e e J 
OF FRACTIONAL HORSEPOWER GEARING ; Ye Yt caling. 
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“Powrmation” Catalog 1000. Cylinders 
are offered in 14% through 8 in. bores; 
capacities are 250 psi air and 400 to 
1000 psi hydraulic, depending on bore 
size, Variety of mountings, rod diam- 
eters and rod ends, stroke lengths, 
options and accessories and choice of 
packings are described. Hanna Engi 
neering Works, 1765 Elston Ave., Chi- 
cazo 22, Ill. 
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SEMICONDUCTOR ALLOY AIDS 


\ series of aids developed for those 
engaged in the design. development, 
production and application of semicon- 
ductors is presented in catalog form. 
These include high-purity elements. 
phase diagrams, “doped” alloys, and 
chart of physical properties of pure 
elements as used in semiconductors. 
Anchor Alloys, Inc., 968 Meeker Ave.. 
Brooklyn 22, N. Y. 
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SOLENOID BRAKES 
Sixteen-page Booklet EE-220 describes 
five new lines of solenoid-operated 


brakes. 


from a 2! to a 14-in. wheel. Brakes 


Offered in sizes that vary 


cover applications including a-c_ sole- 
brakes, 
erated brakes, hydraulic-cylinder-oper 
ated brakes, solenoid-operated brakes 


noid-operated air-cylinder-op- 


and explosion-proof d-c and a-c sole- 


noid-operated brakes. Trombetta Sol- 
enoid Corp., Milwaukee 2, Wis. 
Circle 650 on postcard at end of book 


TRANSISTOR INVERTERS 


Brochure describing static inverters is 
introduction to the theory of static 
inverters. Inverters described are single- 
and three-phase units with 8, 30, 60, 
100, 500 and 2000-va outputs from 28- 
volt d-c input. Type of voltage regula- 
tion and frequency control discussed. 
Varo Mfg. Co., Inc., 2201 Walnut St., 
(,arland, Texas. 
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RECORDING ANNUNCIATORS 


Bulletin 102A, four pages, illustrates 
and describes recording annunciators. 
Illustrated are both large and small 
systems, printer, and directly readable 
alpha-numerical digital tape which re- 
quires no decoding. Technical details 
include specification data sheet. Panel- 
lit, Inec., 7401 No. Hamlin Ave., Skokie, 
Hi. 
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ABRASIVE FINISHING 

OF SOLID COPPER 

One-page data sheet gives step-by-step 
procedures for the abrasive finishings 
of solid-copper stampings, castings, ex- 
trusions and spinnings. Data covers 


STANDARD 
PARTS 


no tooling 


a a 
/ 
J 


os 


‘..an infinite variety of standard plastic parts 


plus complete custom molding facilities 


HARRY DAVIES MOLDING COMPANY 


1428 N. Wells Street, Chicago 10, Illinois 


Circle 219 on Inquiry Card 


satin finishing and bright or high-color 
finishing, including recommendations 
on wheel heading, lubrication, surface 
speed, and type of buff. Lea Manufac- 
turing Co., 16 Cherry Ave., Waterbury 
20, Conn. 
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SWITCHES, RELAYS 
AND POTENTIOMETERS 
Four-page catalog presents descriptive 
information on sensitive tilt mercury 
switches, dry-reed switches and_re- 
lays, magnetically actuated mercury 
switches, and switches with mercury- 
wetted contacts. Switches are rated from 
0.5 amp, 120 volts a-c to 6 amp, 120 
volts a-c. Hamlin, Inc., Lake and 
Grove Streets, Lake Mills, Wis. 
Circle 654 on postcard at end of book 


NOISE-FIGURE MEASUREMENT 
Single-page circular 770 offers a de- 
scription, illustration, and specifications 
of a basic noise source with a range of 
1 ke to 1000 me and an accuracy of 
+(.1 db over range to 10 db. Therma- 
Node uses interchangeable, selectable- 
impedance noise heads. Kay Electric 
Co., Maple Ave., Pine Brook, N. J. 
Circle 655 on postcard at end of book 


ELECTRIC TACHOMETERS 


Four-page bulletin illustrates and de- 


FREE 
CATALOG 


samples 


on request 
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Characteristics of 






2 outstanding 





Du Pont insulations 


These Du Pont insulating materials represent a 
remarkable range and balance of electrical, 
thermal, chemical and mechanical properties 











ARMALON® 









Insulation of ‘‘Armalon’’** TFE-fluorocarbon- 






daiaaiel stem tells ener be wand contin GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3 mils 6 mils 

ously at 482°F. or for short periods at some- © Unusual heat resistance Dielectric strength (1/4” electrode) > 750 - 500 

what higher temperatures. It maintains its . ao strength and extreme Surface arc resistance, sec. > 180 > 180 
ughne cnlininiphainenania alienated 








superior properties throughout long exposure Dtatackte constant 























to high temperature as shown in the chart be- © Low flow under heat and pressure 60 cycles 1.8 2.3 
low. For full information on this outstanding | ® Excellent electrical characteristics 1,000,000 cycles oer is 
: b f <sstieaaatnaceaai talon sill sicgiaiaaaama 
Class H insulation, check the coupon. ae — Volume resistivity, ohm-cm 
room conditions 10" 10"" 
Electric Strength vs. Time Aged at 375°C. (707°F.) © High degree of chemical inertness 300°C 10" 10" 
——+———— @ Excellent anti-adhesive, non-stick Insulation resistance, ohms 
properties (96 hrs. @ 90% R.H., 25°C) 10° 10° M4 
© Low water absorption Breaking strength, Ibs./in. of width, 
© Outstanding flame resistance warp > 40 > 50 






Note: Standard single-ply constructions — available in 4, 5, 8, 10 mils, also — come in rolls or 
sheets 44” to 38” wide; laminates in rolls or 13” x 17” sheets —6 to 25 mils thick. 




















HOURS EXPOSED 


LECTON’® 


GENERAL PROPERTIES 
® Good heat resistance 


@ Mechanical strength and extreme 
toughness 









“‘Lecton’’** acrylic-resin-coated glass fabric is 
a superior insulation of moderate price for her- 
metic and Class B applications. It can be used 
continuously at 270°F. and intermittently to 
310°F. Chart below shows how “‘Lecton” main- 
tains its electrical strength as the temperature 
rises. For full information on this outstanding © Good retention of electrical 


. . . # characteristics to 310°F and under 
Class B insulation, check the coupon. high humidity conditions 





SPECIFIC PROPERTIES* of single ply 7 mils 


Dielectric strength (1%4” electrode) 
25°C 


3 mils 14 mils 















> 1000} > 800 > 600 iawn 
@ 130°C » 700 | > 600 500 

@ 25°C after 4 days at 90% R.H. 900 700 » 550 
Surface arc resistance, sec. 180 180 180 


Volume resistivity, ohm-cm 
@ 25°C 10"4 10"4 10" 









@ Dimensional stability 









































































Electric Strength Vs. Temperature @ Highly resistant to most solvents, @ 130°C 1012 10'2 10'2 
oT T transformer oils, fluorinated @ 25°C after 4 days at 90% RH 10% 10" 10" 
2 .0}—++ +++ hydrocarbon refrigerants __ @ _25°C after 4 days at 90% R.H.|_  10'" oe 
7 oe oe a © Good resistance to nuclear radiation | 5reaking ee” average, WXF 930x150 | 140x120 | 250x250 pee 
Yellow Vernih Giles 
> pe 1 @ Modest price bias-cut 55 
: oF in Elongation at rupture, % 
5 straight 3 3 3 
= bias-cut 35 















Note: Standard single-ply constructions — available in 5, 10 mils, also — come in rolls or sheets 
1%” to 60” wide; 7 and 10 mils offered both straight and bias-cut. Laminates supplied in 
rolls 20 and 30 mils thick, and in 18” x 18” sheets .060”, .072”, or 3/32” thick. 


100 
TEMPERATURE °C 











*Derived from standard testing methods. These data are a guide to properties and 
are not to be regarded as specifications. 
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FREE Fully illustrated booklets de- 

scribe properties, test data 

and uses for the superior E. I. du Pont de Nemours & Co. (Inc.) 

Du Pont insulating materials ... Mail cou- Fabrics Division, Dept. EM-03, Wilmington 98, Delaware 
pon or write Du Pont for your free copies Please send FREE information on: 






. there’s no obligation. 
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Better Things for Better living .. . through Chemistry 
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City. 


la Powe HEAVY DUTY RELAYS 
hs GREATEST Control 
Versatility Ever Offered 


‘ 600 VOLTS AC © 10 and 15 AMPS @ 2, 3, 4, 6 or 8 POLES 
> ¢ RUGGED and RELIABLE... with exceptional electrical and me- 
OPTIONAL 


chanical life. Simple construction for easy maintenance 
PLUG-IN 


RECEPTACLE ¢ OPTIONAL PLUG-IN RECEPTACLE .. . allows fast replacement 


of relay without disturbing wiring. Minimizes down-time on 


OPTIONAL 
LATCHING 
ATTACHMENT 


WEIGHT 
4 Ibs. approx. 
TYPES “IMP” AND “FMP” 


ARROW (4) HART 


scribes six types of permanent-magnet 
venerators and nine styles of indica- 
tors for various speed ranges. Indica- 
tors have D’Arsonval movements and 
may be located remotely from genera- 
tor. Madison Electric Products, Mad- 
Ison, Ohio. 

Circle 656 on postcard at end of book 


ANALOG COMPUTER CONTROL 


Solid-state 
control systems are presented in Bulle- 
tin MSP-163. Brochure describes sys- 
tem. including solid-state controllers 


analog-computer, —process- 


with operational magnetic amplifiers, 


interchangeable components, remote- 


control stations, and central patch- 
board networks that interconnect the 
system. Diagrams presented show in- 
terchangeable circuits possible for var- 
ious control functions. including ad- 
dition, subtraction. multiplication. 
ratioing. differentiating and _ integrat- 
ing. Applications suggested emphasize 
centralized plant or multi-plant process 
control, systems requiring direct tie-in 
with data-processing or digital-compu- 
ter equipment, and other process-con- 
trol functions. Typical system consists 
of input transducers, control compu- 
ters, remote-control stations, and final- 
control units (valves, actuators). Con- 
trols Div., Hagan Chemicals & Controls, 
Inc., Hagan Bldg., Pittsburgh 30, Pa. 

Circle 657 on postcard at end of book 


220 


high-output machines 


FAST, EASY COIL REMOVAL... 


just remove 2 screws, swing 


coil to front and lift out entire assembly 


SIMPLE CONTACT CONVERSION . . . from normally-open to 


normally-closed. No tools needed 


MOST VERSATILE LATCHING ATTACHMENT... 


exclusive 


with A-H. Only attachment that converts in the field from 
“latch-in” to “latch-out” or “latch in-and-out.” 


AVAILABLE . . 


. with AC or DC holding coils. 


For free copy of the 8-page Heavy Duty Relay Catalog 
Section, write to The Arrow-Hart & Hegeman Electric Co., 


Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW —- HART OF HARTFORD 


N 0 Wiring Device 


POWER-SUPPLY SYSTEMS 

Bulletin 59-P, 32 pages. contains appli- 
cations, engineering data. sub-systems 
and system-component operating char- 
systems which 


acteristics for power 


isolate equipment from — power-line 


voltage transients or slow voltage 


changes, raise power-line frequency 
and or perform conversion of a-c to 
d-c power. For use with critical elec- 
trical or electronic systems. Electric 
Specialty Co., 211 South St., Stamford. 
Conn. 

Circle 658 on postcard at end of book 


CORROSIVENESS OF PRINTED-CIRCUIT 
RESIN FLUXES 

Single-page bulletin describes and_ il- 
lustrates results of a U. S. Signal Corps 
Mirror Test for corrosiveness of print- 
ed-circuit resin fluxes. Test was run 
in accordance with MIL F-14256 by the 
Inland Testing Div. of Cook Research. 
Seven fluxes were tested. Four of the 
water-white rosin 


fluxes, including 


used as a control, passed test by 
showing little or no corrosive action on 
copper. London Chemical Co., Inc., 
1535 No. 31 Ave.. Melrose Park, III. 

Circle 659 on postcard at end of book 


RECTILINEAR TRANSDUCER 
Bulletin KB-1 presents data on trans- 
ducers which are a-c electromechanical 


bridge units. designed on the variable- 
permeance principle, to sense linear 
position for measurement and control 
use. Output is 34 of input approx for 
full-stroke rated 
range. Resolution, stepless: 
ity, 0.01 per cent or better: phase shift, 
10 deg with 3-ke carrier. 
Crescent Engineering and Research 
Co., 5440-P No. Peck Rd.. El Monte, 
Calif. 


displacement over 
repeatabil- 


less than 


Circle 660 on postcard at end of book 


VERTICAL MOTOR-SPEED REDUCERS 


Catalog MR-58 deals with motor re- 
ducers for use with equipment such as 
blowers, compressors, cranes, machine 
tools, and mixers. Selection guide de- 
scribes construction, mechanical fea- 
tures, and mounting dimensions of 
motor reducers for applications up to 
125 hp and output speeds of 9 to 420 
rpm. Load characteristics are outlined, 
including horsepower and — torque 
ratings. overhung loads, and maximum 
allowable thrust loads. Philadelphia 
Gear Corp., 3620 G St., Philadelphia 
34, Pa. 

Circle 661 on postcard at end of book 


DECORATIVE PLASTICS TRIM 


Product decoration, trim, or identifi- 
cation can be accomplished by the 
use of Decor-Stik, a metallized Mylar 
and vinyl composition with pressure- 


ELECTRICAL MANUFACTURING 





sensitive backing. Available embossed, 
printed or plain, in copper, chrome, 
gold or brass, it can be used in various 
applications. Will not tarnish, fade, 
stain, crack or peel. Samples of colors 
and patterns, together with fact sheet, 
available in kit form. Allen Hollander 
Co.. Inc.. 385 Gerard Ave., New York 
si, N.. X, 

Circle 662 on postcard at end of book 


SURFACE-MOUNT 

TEMPERATURE CONTROLS 

catalog MC-186 
describes surface-mounting tempera- 
ture controls, Series 30000. Three types 
are used: two for 50 300 F range 
and one for 50 600 F. All units are 
adjustable. Catalog sheet gives specifi- 


Two-page sheet 


cations and provides details on 11 modi- 
fications which can be added to tem- 
perature controls. Fenwal Inc., Pleasant 
St., Ashland, Mass. 

Circle 663 on postcard at end of book 


ELECTRONIC INSTRUMENTS 

Fifty-four-page Catalog F contains data 
on eight oscillators, covering a frequen- 
cy range of 0.001 to 520,000 cps; six 
electronic variable band-pass and_ re- 
jection filters, from 0.02 cps to 20,000 
cps; nine power supplies in ranges from 
0-1 amp and 0-1200 volts d-c; and three 
wide-range, low distortion amplifiers. 
In addition, reference material, nomo- 


graphs, and tables for aid in measure- 
ments are included. Krohn-Hite Corp., 
580 Massachusetts Ave., Cambridge 39, 
Mass. 

Circle 664 on postcard at end of book 


HOUSINGS AND ENCLOSURES 

“AE Enclosures” is a 32-page catalog 
which hermetically sealed 
and protective enclosures for relays, 
switches and control packages. Photo- 
graphs and line drawings show various 


describes 


housing sizes and shapes which are 
offered with all popular, commercially 
available quick-connectors. Control 
Equipment Sales, Automatic Electric 
Co., Northlake, Il. 

Circle 665 on postcard at end of book 


THERMAL INSULATION 


Thermal insulations for all types of 
commercial and _ industrial 
ments, in applications ranging from 

4100 to +3000 F, are described in 
54-page Catalog IN-224A.. It contains 
sections devoted to industrial and high- 
temperature thermal insulation; _fin- 
ishes and weatherproofing materials; 
and miscellaneous insulations, includ- 
ing asbestos papers, millboard, felts, 
blankets, and similar products. Johns- 
Manville Sales Corp., 22 E. 40th St., 
New York 16. N. Y. 


require- 


DIRECT-PRINT PAPER 
FOR OSCILLOGRAPHS 
Four-page pamphlet P-40 describes a 
photographic material which provides 
an immediately visible record of oscil- 
lographic tracings. Photo recording pa- 
per yields image without chemical pro- 
cessing, is capable of recording through 
a range of operating frequencies at 
writing speeds of 100,000 in./sec. For 
use with ultraviolet light-source oscillo- 
graphs. Eastman Kodak Co., Photo Re- 
cording Methods Sales Div., Rochester 
ek, 

Circle 667 on postcard at end of book 


PHOTOELECTRIC PICKUPS 


Miniature electronic controls permit 
electric-eye counting and controlling 
units to be used in processing, printing 
and machine controls in areas hitherto 
inaccessible. Overall size of photo unit 
and light unit is 1 13/16 x 1 5/16 and 
11/15 in. diam. Bulletin 571 illustrates 
and describes variety of applications. 
Photomation, Inc., 96 S. Washington 
Ave., Bergenfield, N. J. 

Circle 668 on postcard at end of book 


ENVIRONMENTAL TESTING 

Two-page short-form catalog describes 
and illustrates thirteen different types 
of environmental test equipment. 
Among equipment featured are acous- 
tic-noise test system, auxiliary vibra- 
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MOTOR CONTROLS 


Whenever SPACE and WEIGHT 


are at a Premium... 
SPECIFY TYPE “RA” MOTOR CONTROLS 


Launching, guidance, tracking and service equipment 
for rockets or guided missiles MUST pack the great- 
est possible performance capacity into the smallest 
possible envelope. That’s why Arrow-Hart Type “RA” 
Starters and Contactors have been selected for so 
many rocket and missile projects ... and so many 
other applications where space and weight savings 
are all-important. Far smaller and lighter than con- 
ventional types, Arrow-Hart “RA” Controls use 
advanced design with greatly improved mechanical 
efficiency to achieve superior performance and 
dependability. The modern Right Angle operating 
mechanism insures positive operation and provides 
increased resistance to unfavorable atmospheric 
conditions. 


eet Adpeanteehonben— be akee hee A 


Type “RA” 
Size 2 
Weight 7-% lbs. 


For “RA”’ Data Section, write now to The Arrow-Hart 
& Hegeman Electric Company, Dept. EM, 103 Haw- 
thorn Street, Hartford 6, Connecticut. 


ARROW = HART OF HARTFORD 


Motor Controls * Wiring Devices * Appliance Switches * Enclosed Switches 
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tion (slippery) tables, and saw-tooth 
shock machines, as well as environ- 
mental test chambers. Associated Test- 
ing Laboratories, Inc., Manufacturing 
Div., Clinton Rd.. Caldwell, N. J. 
Circle 669 on postcard at end of book 


INDUSTRIAL TORQUE CONVERTERS 


Series of 14-, 15-, and 16-in. torque 
converters for industrial power trans- 
mission applications are described in 
four-page Folder FFS-5. In addition to 
detailed descriptions of optional equip- 
ment, such as clutch controls, reduc- 
tion drive, ete., power curves for each 
basic model are provided. Input of 
three-wheel sizes varies from 400 to 
775 «Ib-ft with multiplication ratios 
from 2.5-to-1 to 3.1-to-1. Clark Equip- 
ment Co., Automotive Div., Jackson, 
Mich. 

Circle 670 on postcard at end of book 


NOBLE-METAL THERMOCOUPLE WIRE 


srochure contains temperature-millivolt 
curves, showing working ranges as well, 
for various thermocouple materials 
along with comparisons to certain non- 
noble combinations. Close match of 
characteristics of Platinel with chromel- 
alumel thermocouples is shown graph- 
ically. In addition to Platinel, various 
platinum-rhodium, _ plat- 
inum-rhodium vs_ platinum - rhodium, 


iridium vs iridium-rhodium and other 


platinum = vs 


combinations are discussed. Some sys- 
tems allow temperature measurements 
to 2100 C. Englehard Industries, Inc., 
113 Astor St., Newark, N. J. 

Circle 671 on postcard at end of book 


LOW-PRESSURE CELL 


Bulletin R-10 presents characteristics 
of a cell for gage, differential, and ab- 
solute pressure measurements. Output 
signal is linear and stepless and is up 
to 1.5 volts a-c or to 100 my d-c. Stand- 
ard ranges are from 0-1.5 psi to 0-60 
psi. International Resistance Co., 401 
No. Broad St., Philadelphia 8, Pa. 
Circle 672 on postcard at end of book 


CLUTCH AND SERVO ACTUATOR 


Data Sheets 110-7 and 111-2 describe 
a magnetic-particle clutch with a nor- 
mal operating torque of 35 in.-lb at 
3400 rpm (for 26-volt d-c operation) 
and a servo actuator. Electromechanical 
linear actuator is intended for closed- 
loop positioning systems; normal oper- 
ating load, 475 lb; operating speed, 
1.85 in./sec; working stroke, 0.840 in. 
Lear Electro-Mechanical Div., 110 To- 
nia Ave., N. W.. Grand Rapids 2, Mich. 

Circle 673 on postcard at end of book 


ACOUSTIC NOISE GENERATOR 


Four-page bulletin describes a 166-db 
noise generator which uses an electro- 
mechanical transducer of moving-coil 


type producing 166 +3 db of random 
noise (20 to 2100 cps) and 170 db at 
discrete frequencies. Avco Research 
and Advanced Development Div., 201 
Lowell St., Wilmington, Mass. 
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VOLT-AMMETER 


Information on Model VA-100A is 
contained in two-page bulletin. This 
differential voltmeter features reference 
supply with 0.01 per cent long-term sta- 
bility. Solid-state d-c meter has accu- 
racy of 0.05 per cent absolute over a 
range of 0.01 volt to 1000 volts and 
0.1 per cent absolute for a current 
range of 0.001 ma to 1 amp. Calibration 
Standards Co., 1079 Coronet Ave., 
Pasadena, Calif. 
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DIGITAL COMPUTER 

Recomp II, described in Folder 508T, 
is an all-transistor, serial, single- 
address, internally binary stored pro- 
gram, general-purpose computer with 
19 instructions including 15 arithmetic 
instructions; 25 logical and transfer 
instructions; 9 input/output instruc- 
tions. Among these are 9 built-in 
floating-point instructions. Memory ca- 
pacity, 4096 words, each 40 bits long. 
Physical size is 4.7 cu ft less input/- 
output equipment. Autonetics Indus- 
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HM MOTORS DELIVER 
EVERY TIME! 


Heinz Mueller makes motors 
for hundreds of applications 
—and they all bear the un- 


and experience are devoted 
to supplying you with de- 
pendability you can count 


mistakable mark of Heinz on. 


* Mueller’s excellent quality 

control. From original de- 

VIBRAKRIMP | sign through the last phase 
of production, Heinz 
| Mueller engineering skill 


| 
| 
| 


SOLDERLESS | 
TERMINALS. 


pe ceattivan a vei! 


fed 


WHERE HIGH VIBRATION 


iS A PROBLEM 


Even greater strength is added to | 
the basic ETC barrel by a perma- 
nently attached sleeve of seamless, | 
annealed, tin-plated brass.Crimped | 
in the same operation as the bar- 
rel, the ‘‘skirt’’ part of the sleeve 


FAST FOOLPROOF 
POSITIVE CONNECTIONS 


extends beyond the barrel to 
permanently hold the wire insula- | 


HUMP 
SHOWS END 
OF BARREL 
TO GUIDE 
YOUR CRIMP 


tion, preventing creep. Wire flexing | 
takes place beyond the terminal, | 
eliminating the vibration hazard. 

VIBRAKRIMP* terminals are avail- | 
able in all tongue types. Write for | 


samples, prices. 


ETC INCORPORATED 


*Trade Mark 
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990 East 67th Street, Cleveland 3, Ohio 


DC Dynamotor Especially designed 
for high altitude aircraft opera- 
tion where service is critical. 


HEINZ MUELLER 


Write for detailed infor- 
mation on standard specifi- 
cations or let us tackle your 
particular engineering re- 
quirements. 


DC Motors Cool running, 

quiet operating motors in ee 
especially compact designs 7 — 
where space requirements 

are rigid 


Capacitor Type Motors For 
24 to 220 Volts. Can be 
supplied with terminal studs 
or leads, as specified Ball 
bearing or sleeve bearing, 
commercial or military ap- 
plications 


AC/DC Series Motors Especially 
low-priced power units for ap- 
pliances, office machines, etc 
Has wide range of practical ap- 
plications. 


Engineering 
Co., Inc. 


4727 W. lowa, Chicago 51, Il. 
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HEINEMANN CIRCUIT BREAKERS HOLD THEIR 
RATING AND TRIP POINTS AT ANY TEMPERATURE 


a 


ttn 


Here you see the overload-sensing element of a Heinemann circuit 
breaker. Its unique type of magnetic actuation is functionally inde- 
pendent of temperature effect. Operation is based on actual load current 
—not on current-produced heat, as is the case with thermal-type devices. 
Consequently: current ratings hold constant at 100% nominal value, set 
trip-points stay fixed at specified overload percentages regardless of the 
ambient. Performance is always predictable, consistently dependable. 
Think about it: wouldn’t your equipment gain added reliability with such 
built-in, temperature-stable protection? The Heinemann Circuit Breaker 
Engineering Guide, Bulletin 201, has all the technical details you'll want 
to know. Write for a copy. 


HEINEMANN ELECTRIC COMPANY <@> 99 PLUM ST., TRENTON 2, N.J. 


MARCH 1960 


6.A.-2125 
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trial Products Diy., North American 
Aviation, Inc... 3584 Wilshire Blvd., 
Los Angeles 5, Calif. 

Circle 676 on postcard at end of book 


FURNACE HEATING ELEMENTS 


Silicon carbide furnace elements, for 
electric furnaces at element tempera- 
tures to 2867 F, 


page “Crusilite 


are presented in four- 
folder 


fabricated in one piece with hot zone 


Elements are 


in spiral form. Morganite Inc., 3302- 
3320 48 Ave., Long Island City 1, N. Y. 
Circle 677 on postcard at end of book 


MAGNETIC MODULATORS 
Folder of six pages contains a descrip 
tion and specifications of seven minia- 
ture magnetic modulators for applica 
tion to data systems where analog cir- 
cuit operations are encountered. Gen- 
eral Magnetics, Inc., 135 Bloomfield 
Ave., Bloomfield, N. J. 

Circle 678 on postcard at end of book 


SENSITIVE RELAYS 


Series 100 and Series 150 relay tech 
nical bulletins, four pages, illustrate 
and describe sensitive relays. Relays 
described range upward from 1 milli 
watt with contact arrangements from |] 
Form C through 4 Form C. Input 
power, contact rating, coil resistance, 
mounting  ar- 


enclosure dimensions, 


rangement, terminal styles, weight are 


included. General Automatic Corp., 111 
33 St., Union City, N. J. 
Circle 679 on postcard at end of book 


SPHERICAL ROLLER BEARINGS 


Bearing dimensions and load capaci- 
ties are featured in 16-page Bulletin 
113. Bearings are designed with dou- 
ble row of rollers to accommodate heavy 
radial and shock loads, and utilize sin- 
vle spherical outer raceway to permit 
the bearing to compensate for shaft 
misalignment, either initially or dy- 
namically under load. Bore sizes are 
4) to 500 mm. Hoover Ball and Bear- 
ing Co., 5400 So. State Rd., Ann Arbor, 
Mich. 

Circle 680 on postcard at end of book 


POTTING AND CASTING SYSTEM 

Resin 8 and Curing Agent T are 
described in a two-page bulletin. Non- 
toxic system meets requirements of 
MIL-T-27A, Class B. 
strength, 8800 psi; 
0.53; heat distortion temperature, 153 


System tensile 
impact. strength. 


F; elongation, 6 per cent: electric 
strength, 350 vpm. Resin Consultants 
& Mfg. Co., Inc., 132 Nassau St., New 
York 38. 
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MOTOR CATALOG 
Eight-page Catalog P8012 contains il 
lustrations and brief descriptions of 


ELECTRICAL PORCELAIN 


MADE BY DRY 


PROCESS METHOD 


New Jersey 
PORCELAIN 


COMPANY 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 


To your 
blueprints 
and 
specifications 
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motor drives, in fractional hp ratings, 
intended for various applications. 
Franklin Electric Co., Inc., Bluffton, 
Ind. 

Circle 682 on postcard at end of book 


RECORD REPRODUCE MECHANISM 
Data sheets CRL-SR-4 and -5 list fea- 
tures of tape transport mechanisms 
(Models MR-31F and MR-43) for re- 
cording and reproduction of multiple 
channels of RDB telemetry subcarrier 
signals under extreme environmental 
conditions. Cook Research Laboratories 
Div. of Cook Electric Co., 2700 South- 
port Ave., Chicago 15, IIL. 

Circle 683 on postcard at end of book 


SOLENOID VALVES 
Bulletin 8317, two pages, presents data 
on quick-exhaust valves with a 14-in. 
diam exhaust orifice as an_ integral 
part of the body. Separate quick-bleed 
valve in circuit not needed. Packless 
solenoid valves have brass bodies with 
14 in. NPT connections. Discs are ny- 
lon, providing tight seating on air, gas. 
water and light hydraulic oil up to 160 
psi. Forms of operation available: 
normally closed, normally open and 
universal. Valves can be provided in 
voltages to 550 volts. 60 cps. Auto- 
matic Switch Co., Florham Park, N. J. 
Circle 684 on postcard at end of book 


(Continued on page 226) 


there are MOORE 


SET SCREWS 


exactly right for any job... 
and you can get them FAST 


quality. 


solve problems. 


Dependable delivery — ample pro- 
duction capacity assures that you get 
any order, large or small, on schedule. 


Uniform high quality — modern 
equipment and methods and rigid 
quality control guarantee precision 


Advice of specialists — expert engi- 
neering assistance, backed by 80 years 
of experience, is available to help 


Moore set screws simplify design, 
purchasing, production. Send for 
price catalog. 


since 1880 
85 Beaver St., Waltham 54, Mass. 
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This may be the SPECIAL INSULATION you're looking for! 


If you’re looking for an efficient, lightweight 2000°-3000°F. insulating 


REFRASIL PHYSICAL PROPERTIES: 
material in any of the physical forms shown above, REFRASIL may be 


« Chemical resistance of pure silica 

e Resists temperatures up to 3000° F. under 
certain conditions 

eLow Thermal conductivity 

«Fiber diameter .00020-.00040 in. 


your best answer. 
- 4 
Long proven for jet aircraft and missile use, REFRASIL is fast becom- 


NORTHWEST: J. L. Larsen, 


«Specific heat .19 (Batt) 
e Thickness .14-.15 in. (Batt) 
eSurface density .05 Ib./sq. ft. (Batt) 


REFRASIL USES: 


#2000° F. continuous high temp. insulation 

eFiltration of corrosive materials 

«Removable, insulating blankets 
eREFRASIL Reinforced Plastics 
(ASTROLITE for up to 15,000° for short 
duration) 

eThermocouple wire insulation 

eElectric muffle furnaces 

eLaboratory heating mantles 


WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: Tor 


5-3135 © MIDWEST: Burnie Weddle, 3219 W. 29th § 


MARCH 1960 


5757 Oaklawn Pl., Seattle, Wash., PA. 55-9311 *« CANADIAN PLANT: THE H.!. THOMF N 


ing an important industrial insulation for —300°F. cold to +3000°F. heat. 
When other insulation materials fail in critical high temperature use, 
write or call for test samples of REFRASIL. It may be the special insula- 


a 


© Write for REFRASIL Product Bulletin and Price List. ans ( | 


tion you're looking for! 


1733 Cordova Street, Los Angeles 7, Calif. * REpublic 3-9161 


Kimberly, 38 Crescent Circle, Cheshire, ¢ BR. 2-6544; Fred W. Muhlenfeld, 6659 Loch Hill Rd., Baltimore 


S 22, Ind., WA. 5-8685 * SOUTHWEST: Marshal! Morris, 
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2850A W. Berry, Rm. 7, Fort Worth, Tex., WA. 4-8679 
). OF CANADA LTD., 60 Johnston St., Guelph, Ont., TA. 2-6630 


DECADE RATIO TRANSFORMER 


Descriptive flyer presents information 
on Model DRT-5 ratio transformer. 
Ratio accuracy, 0.001 percent; frequen- 
cy range, 50 cps to 10 ke; output im- 
pedance, less than 8 ohms; input im- 
pedance, 15.000 ohms at 400 eps. G. 
L. Collins Corp., 2820 East Hullet St., 
Long Beach 5, Calif. 


Circle 685 on postcard at end of book 


SOLID-FILM LUBRICANT 
Bulletin 1005 
bonded molybdenum disulfide, which 
has been designated Lube-Loc 1005. 


describes a ceramic- 


Lubricant has been tested successfully 
on moving parts and bearing surfaces 
in test chambers at altitudes in excess 
of 100,000 ft. At this altitude, use of 
lubricants containing organic binders 
results in prohibitive outgassing. Film 
lubricant suited for temperatures to 
700 F in the presence of not more than 
1 per cent free oxygen. Electrofilm, 
Inc., Box 106, North Hollywood, Calif. 

Circle 686 on postcard at end of book 


STATIC MULTIPLE POWER SUPPLY 
Bulletin S-1057, 2 pages, presents data 
on a static inverter-converter supply 
designed to operate from 28 volts d-c. 
external or self-contained, and provide 
}-phase, 3200-cps power at 1 kva. with 
additional outputs at 300 volts d-c and 
150 volts d-c for a total of 1300 va. 


Engineering specifications, functional 
block diagram and discussion of the 
coolant system which utilizes a change- 
of-state condition to provide a delay 
in temperature rise are provided. Mag- 
netic Amplifiers Inc., 632 Tinton Ave., 
New York 55, N. Y. 

Circle 687 on postcard at end of book 


SPHERICAL ROLLER BEARINGS 
Booklet 2760, 52 pages, presents data 
on self-aligning bearings and _ pillow 
blocks. Catalog describes design fea- 
tures, including comprehensive selec- 
tion data and formulas, shaft bearing 
seat diameters, lubrication information, 
shaft details and bearing load ratings. 
diagrams, photographs and_ charts. 
Link-Belt Co., Prudential Plaza, Chi- 
cago 1, Ill. 

Circle 688 on postcard at end of book 


SELF-SEALING FASTENERS 

A 16-page General Catalog 359A il- 
lustrates and describes a line of high- 
pressure, vibration-resistant seals and 
fasteners. Tabular data, military and 
commercial specifications, brief descrip- 
tive text and engineering drawings pro- 
vided for toggle-switch boots, pushbut- 
ton switch boots, and rotary shaft seals. 
Similar information provided for self- 
sealing fasteners. Transparent and 
flexible boots for sealing circuit break- 
ers and indicator lights and high-pres- 


sure removable gasket seals also de- 
scribed. A.P.M. Corp., 252 Hawthorne 
ve, Ns 
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CGENERAL-PURPOSE 
CONTROL CATALOG 


GEC-1260D, a 782-page publication, 
contains information on a_ complete 
line of control devices. Horsepower 
selection charts are listed for motors 
from 14 through 200 hp, providing 
quick selection of starters, heaters and 
pushbutton stations necessary for con- 
trol of these motors. Catalog includes 
product description of motor starters, 
contactors, relays, solenoids, — limit 
switches, pushbuttons, static control 
and pilot devices. Features, wiring dia- 
grams, dimensions, and application in- 
formation also included. General Elec- 
tric Co., Schenectady 5, N. Y. 
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OPERATIONAL AMPLIFIERS 

Model 1300 amplifiers are described in 
two-page data sheet 224. Basic units are 
solid-state, high-gain differential d-c 
amplifiers designed to be used with ex- 
ternal feedback. User may select 
~ losed-loop” performance best suited 
to application. Typical applications 
include d-c and a-c amplifiers, integra- 
tors, current and voltage regulators, 


(Continued on page 229) 


LATEST TRENDS IN INSULATION 


Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation 


in automobile starters and 


generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 


cotton. It stretches to shape . 


... prevents voids.. 


. . hugs corners and leads 


. reduces likelihood of grounds... 


often eliminates need for varnishing and baking. 


As armature or phase insulation for autemobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. power, distribution, regulator instrument and 


potential transformers. . 


- Dennison Industrial Crepe, 


in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


« 


Helping you compete 
more effectively 


MANUFACTURING COMPANY 
Framingham, Mass. + Drummondville, Quebec * Offices in Principal Cities 
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Allen-Bradley offers the 


MOST 
COMPLETE 
LINE 


of oiltight heavy-duty 


CONTROL UNITS 


The wide selection of Allen-Bradley Bulletin 800T push 

buttons and control units will enable you to satisfy each 

and every control station requirement. A-B control units 

and stations have seals to exclude oils and cutting fluids— 

contacts cannot become fouled. And ail control units 

have the popular A-B double break, silver contacts that 

assure reliable operation— without maintenance. The rug- 

oo ak ged construction, flexibility, and generous wiring room of 

Soft Rubber Boots Prevent Injury 7 Allen-Bradley’s Bulletin 800T line are ‘‘bonus” features. 
to men or machines. A-B pendant SEE IR To get the best in every way—insist on Allen-Bradley. 


stations are available with from 4 Die i 
2 to 16 unis; ples. emergency sabi Send for Publication 6090, today. 


unit in bottom of enclosure. 





MUN 4-WAY SELECTOR ~ ENCAPSULATED 
. PUSH BUTTON Ate PILOT LIGHT 
Space-saving two-in- OTe eM LM ut) Meelis felt aed lols 


one control unit. for 2-way operation. rugged 6-volt bulb. 


a ee <<? 


> UV, 


wd 





at lei 1s SELECTOR SWITCH TIME DELAY 
STP ae lb ie meses With coin slot operator. Delay adjustable from 
lenses available. * Other operators available. Oe (MOM colt 





Pa me 


Sheet metal cabinets also 
available for up to 25 control units. 


aS Af & _@ pa i ye og 7 Ss sc 
Kot Pail =e. El ie | 
y « iN Eg , \ el etm Lum ular tle 


ee ed 


POTENTIOMETER UNIT LOCK TYPE pl@l0):) i mel (ele is 
Furnished in 2- or me aa Tg Has 2 N.O. or 2 N.C. 
‘ 5-watt capacity ratings. push button operation. sets of contacts. 


ALLEN-BRADLEY #232. 
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Yes, Allen-Bradley 
also makes... 


DC Contactors 


Here’s the only line of DC 
contactors using the sim- 
ple solenoid design—with 
ONE moving part—in all 
ratings through Size 4. 
And their double break, 
silver alloy contacts never 
need servicing. 


DC Control 


Relays These relays 
are the counterpart of the 
Bulletin 700 line of AC 
relays—of which millions 
are in service. With only 
ONE moving part—these 
relays provide the ulti- 
mate in long life and reli- 
ability. Like the AC 
line, they have double 
break, silver contacts that 
never need maintenance. 
Made in a variety of types 
and with up to 8 switch- 
ing poles, 


Float Switches 
This versatile line of float 
switches is available in a 
wide range of types and 
enclosures to handle prac- 
tically every industrial 
pumping job. They all 
feature a snap-action 
switch mechanism for posi- 
tive operation no matter 
how slowly the liquid 
level changes. 


BULLETIN 840 


BULLETIN 410 


oS" 


Loom Switch 


Manual starting switches 
designed for textile loom 
service. Design of operat- 
ing lever makes accidental 
operation impossible. 
Lint-tight enclosure elimi- 
nates fire hazard. 


Automatic 


Transfer Switches 
For use where power must 
be maintained, these pan- 
els automatically transfer 
the load to an auxiliary 
supply when normal sup- 
ply fails or falls too low. 
Transfers automatically 
when the normal power 
supply is resumed. Me- 
chanically interlocked. 


Pump Control 


Panels Designed for 
irrigation and oil field 
pumping applications. 
Can also be used with out- 
door lighting systems. 
Uses standard A-B Bulle- 
tin 709 solenoid starter 
with manual disconnect 
switch or circuit breaker 
in weatherproof enclosure. 
Available with many op- 
tional features. 


AC and DC 


Rheostats 

Provide absolutely step- 
less control over a wide 
resistance range. Full 
wattage capacity avail- 
able at all settings. Sizes 
to 5400 watts. 


ALLEN - BRADLEY! S2!"cono 


Member of NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. ¢ In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





preamplifiers, selective filters, ete. 
Typical units feature gains of 10,000 
and input impedance of 100 k. Out- 
puts to +10 volts at 200 ma are ayail- 
able. Burr-Brown Research Corp., Box 
6444, Tucson, Ariz. 

Circle 691 on postcard at end of book 


THERMOCOUPLES 

Four-page Catalog 101 lists features 
and characteristics of metallic- 
sheathed, hard-packed, oxide-insulated 
thermocouples and extension wire. Var- 
insu- 
described. 


ious hot junctions, integrated, 
lated and exposed, are 
Mounting attachments, terminals and 
optional fittings are listed. Research 
Instruments, Inc., 12410 Triskett Rd., 
Cleveland 11, Ohio. 
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TAPE-WOUND CORES 

Bulletin 80 details operating charac- 
teristics and typical circuit applications 
of round- and square-hysteresis loop 
Hy Mu 80 tape-wound cores. Round Hy- 
Mu 80, which is processed only for 
maximum initial permeability, achieves 
greater sensitivity and more output at 
low flux densities. Square HyMu 80 
permits more amplification 
and greater gain because of high maxi- 
mum permeability. Circuits and re- 
sults of tests (in which each material 


voltage 


NEW! 7000-G TAPE for 


Extreme Temperature Range —I10° to +-550° F. 
MYSTIK BRAND FIBERGLAS TAPE 


with Silicone Adhesives 


A new concept in pressure-sensitive tapes— 
an essentially inorganic pressure-sensitive 
tape accepted by the aircraft, electrical and 


electronics industry. 


7000-G has a tightly woven, high-tensile 


was tested in magnetic amplifier, trans- 
former and second harmonic modula- 
tor) are plotted on curves in bulletin. 
Magnetics, Inc., Butler, Pa. 
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INDUCTION MOTORS AND BLOWERS 
In 18 pages this catalog presents data 
on two-, four-, and six-pole fhp motors 
in ratings between 1/225 and 1/5 hp. 
Centrifugal blowers also included. 
Catalog contains performance curves 
for motors and Motor-over- 
load protective device described brief- 
ly. Fasco Industries, Inc., Rochester 2, 
WS 


blowers. 
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LOW-SHRINK, 
SILICONE-RUBBER INSULATION 


Two types of silicone-rubber stock for 
cable and wire insulation are K1347 
and K1357. Data Sheet K1347 describes 
premium- grade- material, high-quality 
wire and cable insulation exposed to 
temperature extremes, which meets 
MIL-W-19381, MIL-W-8777 and MIL- 
W-16878 (F & FF). Sheet K1357 de- 
scribes silicone-rubber compound, 
which gives good electrical and phys- 
ical properties at lower cost. Silicones 
Div., Union Carbide Corp., 30 E. 42 
St., New York 17. 
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CONSTANT-CURRENT POWER SUPPLY 
A five-amp solid-state power supply 
which regulates for constant current 
is described in 4-page folder on Model 
PCR-101. Output is 0 to 8.0 volts at 
0.04 to 5.00 amp. Regulation for 10 
per cent line change, 0.01 per cent; 
regulation for 8-volt load change, 0.01 
per cent. Industrial Measurements 
Laboratory, 40 Great Jones St., New 
York “Sz; N.. ¥. 

Circle 696 on postcard at end of book 


PROXIMITY SWITCH 


Data Sheet 163 offers information on 
a proximity switch designed for use 
as limit, interlock, counter or indicator 
sensor under such unfavorable envi- 
ronments as those created by oil, grit, 
extreme vibration, dirt or sludge. 
Switch consists of sensor and separate 
solid-state amplifier with plug-in relay. 
Sensor detects magnetic material with- 
out physical contact and feeds an 
electrical output to remotely located 
bi-stable amplifier. Amplifier operates 
DPDT relay. Micro Switch, Div. of 
Minneapolis-Honeywell Regulator Co., 
Freeport, Ill. 
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MAGNETIC MEMORY STACKS 


Technical Bulletin 59-L describes 
Series 300 apertured - ferrite - plate 


will this solve 
your motor problem? 


Carter ‘Classic’ f.h.p. GEARMOTOR 


10 single and double reduction models, 
10 to 750 r.p.m., 1 to 4 Ib. in. torque. 


Fiberglas® backing with a pressure-sensitive 
silicone adhesive. Superior thermal and elec- 


trical properties make it ideal for many appli- 
cations previously not possible for pressure- 


sensitive tape. 


(Conforms to Government Specification MIL- 


Write for 
Prices and 
Specifications 


1-19166. Approved as Class H Insulation.) 
Write for full information on Mystik Brand 
7000-G and the complete Mystik line of high 
and low temperature tapes using silicones with 


Mylar®, aluminum, copper, and Teflon. 


Mystik Adhesive Products, Inc. 
2635 North Kildare Ave. 
Chicago 39, Illinois 


CARTER 
_ MOTOR 


| COMPANY 


2708 W. George St. Chicago 18 


Universal, shunt or series motors 12 v. 
to 220 v. input. Size 6 x 34; x 394” 


Governor available. Prompt delivery. 


Liberal O. E. M. discounts. 


| Phone JUniper 8-7701 


Sales Offices in Principal Cities 


PACKAGING @ PROTECTIVE COVERING © PRINTABLE @ ELECTRICAL TAPES 
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1A Trademark of THE DIEHL MANUFACTURING COMPANY 


critical... 


critical to many of the most complex military and 
industrial control systems are Diehl Servomotors 
and electromechanical components. 


DIEHL AC Servomotors are made in output ratings ranging 
from 1 to 750 watts . . . in 60 cycle frequencies for land and 
shipboard operation . . . 400 cycle frequencies for airborne 
service. DC Servomotors produced by Diehl are available in 
ratings up to 214 HP...and in combination with 

DC Tachometers. 


Diehi produces an extensive line of high precision equipment: 
servomotors, resolvers, potentiometers, generators, servo 

amplifiers. In sum, the range of instrument servo components 
for automatic control. Major development work is in progress. 


Whatever your critical need — development assistance 
or actual electromechanical hardware — you'll find 
that they'll best be filled at Diehl. 


For complete details on this important source of service 
and supply, write for the Diehi facilities brochure. 


SINGER* 
DIEHL MANUFACTURING COMPANY 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somervilie, New Jersey 
*A Trademark of THE SINGER MANUFACTURING COMPANY 
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memory stacks, miniature plug-in mag- 
netic storage modules for use in high- 
speed, coincident-current, random-ac- 
cess memories and serial buffers. Two- 
page bulletin describes specifications 
and use of ferrite plates as the stor- 
age medium for memory stacks, which 
range in capacity from 256 to 4096 
words and 4 to 16 bits per word. Rese 
Engineering, Inc., 731 Arch St., Phila- 
delphia 6, Pa. 
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ALL-METAL FLEXIBLE COUPLINGS 


Catalog 60 contains the following ma- 
terial: misalignment is described, loads 
are classified, and various couplings 
are grouped for easier selection. Photo- 
graphs of couplings and installations, 
diagrams, and tables comprise main 
part of catalog. One page is devoted to 
facts about dynamic balancing, another 
to bore and keyway standards. Max 
bores range from ¥% in. (for servo- 
mechanisms )to 151% in. (for prime 
movers). Thomas Flexible Coupling 
Co., Warren, Pa. 
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Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 


| engineering services, write direct to the 


manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


FRAME-GRID RECEIVING TUBES 
“Amperex Frame-Grid Tubes for TV” 


is a 13-page booklet which describes 
frame-grid tubes for TV applications. 
Specifications are listed. Tube-produc- 
tion techniques are illustrated and de- 
scribed. Copies available by letterhead 
request to Amperex Electronic Corp., 
Semiconductor and _ Special-Purpose 
Tube Div., 230 Duffy Ave., Hicksville, 
eR 


DRAFTING INFORMATION 


“Tips, Techniques and Drafting Aids” 
is a 32-page booklet divided into the 
following classifications: Helpful Draw- 
ing Techniques, Simplifying Drafting 
Practices, Protecting Prints and Draw- 
ings, Tips for Drawing Lines and 
Curves, Modifying Equipment for Ex- 
tended Use, and Getting the Most from 
Drawing Instruments. Copies are 50¢ 
each from Alvin & Co., Inc., 611 Pali- 
sado Ave., Windsor, Conn. 


INDUSTRIAL CONTROLS 


Catalog of 88 pages lists products, in- 
cluding automatic temperature, pres- 
sure, level and flow controls, as well 


ELECTRICAL MANUFACTURING 





Motor trouble slowing production? 


Your 


TIONAL brush man 


TRADE-MAR 


helped solve this slowdown problem! 


motor performance. Incidentally, John went on to solve 
similiar brush problems on 3 of the steel mill’s 5,000 
amp motor-generator units. 

John Behen and his fellow “National” Carbon Brush 
Men have been solving industrial brush problems for 
years. Their experience and training — backed by 


Motor trouble at this 44” steel mill 

caused one costly slowdown after an- 

other, says “National” Carbon Brush 

Man, John Behen. Source of the produc- 

tion trouble — excessive film build-up on 
JOHN BEHEN one of the mill’s edger motors. 


The mill tried several brushes to alleviate this con- 
dition but with no success. They called in John Behen 
who analyzed the operation and recommended the 
proper “National” brush grade. Result: a 100 ton 
increase in daily production thanks to trouble-free 


“National” long term brush development — make them 
the logical consultants on any industrial brush problem. 

Call your “National” Carbon Brush Man today. Or 
write National Carbon Company, Division of Union 
Carbide Corporation, 30 E. 42nd St., New York 17, N.Y. 


“National”, ‘‘N’’ and Shield Device, and ‘‘Union Carbide” are registered trade-marks of Union Carbide Corporation 


UNION 
NATIONAL CARBON COMPANY : Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
OFFICES: Birmingham, Chicago, Houston, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco * CANADA: Union Carbide Canada Limited, Toronto 
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New |MODULAR SYSTEM}! for panel wiring 


reduces work all along the line and vastly improves job appear- 
ance. Key to the system is the introduction of Redi-Korners* 
and Redi-Tees*. They are pre-formed sections for use with 
Panel Chanel wiring raceways. 

Panel layout is simplified. Redi-Korners and Redi-Tees are 
simply fastened in place. No mitering or fitting; no jigs or 


fixtures are required. 


Straight sections are filled in with Panel Chanel®. Like 
Redi-Korners and Redi-Tees, it is made of lightweight, reinforced 
thermosetting plastic that does not support combustion; won't 
warp or cold flow. 


Wires are easily set in or pulled through to the proper opening 


for connections. Wiring changes are simple, and with the cover 
snapped in place a neat appearance is just automatic. 
Get the complete facts quickly. Send for Bulletin S-305. 


Panei Chanei® 


StaGhlin Brothers, Inc., 101 Maple Street, Belding, Mich. 


*Trademark S.A. 2088 
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as counters, switches and automation 
controls. Other items illustrated and 
described are industrial actuators, com- 
bustion instrument controls, controller 
indicators and pressure _ indicaturs. 
Copies of publication available upon 
letterhead request to Literature Con- 
trol Section, General Controls Co., 801 
Allen Ave., Glendale 1, Calif. 


MAGNETOSTRICTION PHENOMENA 


“Magnetostriction in Cobalt and Cobalt 
Alloys” is a 60-page compilation out- 
lining the reciprocal and nonreciprocal 
mechanical and magnetic effects on fer- 
romagnetic materials produced by mag- 
netization. More than 125 references 
are listed, covering technical literature 
from 1874 through mid-1959. References 
accompanied by abstracts and tables. 
Forty-eight figures provide additional 
data. Address requests on company let- 
lerhead to Cobalt Information Center, 
c’o Battelle Memorial Institute, 505 
King Ave., Columbus 1, Ohio. 


PHOTO PRODUCTS 

Condensed seven-page catalog covers a 
line of reproduction materials, photo 
papers and photo-recording papers. De- 
scribes applications and lists essential 
data such as weight, required exposure 
light, speed index and safelight (except 
for roomlight processing materials). 
Reproduction materials include papers, 
cloths, vellums and films in a variety of 
surfaces, for roomlight, contact, and 
projection printing. Photo papers are 
pictorial continuous-tone products. Re- 
cording papers are for oscillographs 
and mass spectrometers. Catalog avail- 
able upon letterhead request to Grant 
Photo Products, Inc., Dept. L-6, 19000 
Detroit Ave., Cleveland 7, Ohio. 


Posteard return forms are provided 
at end of book as a convenience to 


the reader in obtaining— 


New Components and Materials 


Additional data from the supplier 


of any item reviewed. 

Literature for the Design Engineer 
A copy of any manufacturer's 
publication reviewed. 

Feature Article Reprints 
Single copies of selected feature 
articles. 

Advertised Products 


More information on any product 
or service described. 
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CLASS H 180°C. 


CLASS F 155°C. 


Where can these 5 
top performers help 
YOU improve 


results... cut costs? 


Are new, compact, equipment designs creating new thermal 
problems for your insulating varnishes? Do you know the 
benefits that emulsion-type varnishes offer in higher build 
and bond strength? Are you getting all the advantages of 
recent improvements in insulating-varnish performance? 

You'll find new and better solutions to many insulating 
problems in the complete line of Sherwin-Williams Insulat- 
ing Materials. They provide a full range of choice in 
thermal rating, in physical and electrical properties, in 
types of solvents and in curing schedules. Ask for technical 
data on the representative varnishes listed here, or others 
to meet your specific needs. The Sherwin-Williams Co., 
General Industrial Division, Cleveland 1, Ohio. In Canada: 
2875 Centre St., Montreal. 


wv 


SHERWIN-WILLIAMS 


INSULATING MATERIALS 
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Piease send data on materials indicated. 


0 Class H Varnish 
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Epoxy Magnet Wire is ideal for enc apsulated systems Epoxy Magnet Wire has high dielectric strength. 


Magnet Wire has high resistance to heat shock and overloads Epoxy Magnet Wire is unaffected by transformer oils. 


‘ 





COMPATIBILITY 

HEAT SHOCK RESISTANCE 
THERMAL STABILITY 

HIGH DIELECTRIC STRENGTH 


4 REASONS FOR THE OUTSTANDING INDUSTRY ACCEPTANCE OF 


EPOXY MAGNET WIRE 


BY ANACONDA 


There’s good reason—4 good reasons in fact—for the 
immediate and widespread acceptance of Anaconda 
Epoxy Magnet Wire (Class B 130° C). 

First, Epoxy has proved its compatibility with virtu- 
ally every insulation system in use today. Most standard 
insulating varnishes can be used without degradation 
of the Epoxy film. Epoxy’s high resistance to the effects 
of hydrolysis has made it “first choice” for use in totally 
enclosed systems. 

In addition to this outstanding compatibility, Epoxy 
offers other important properties: high heat resistance 

. unusual resistance to heat shock . . . high dielectric 
strength, even under conditions of extreme humidity 


. excellent flexibility and winding properties . . . out- 
sti inding adherence of insulation. And, from Anaconda, 
Epoxy Magnet Wire is available in a complete range of 
sizes—rounds, squares and rectangulars. 

E spoxy Magnet Wire, now in its fourth year of produc- 
tion, is an Ampconds a development. Its manufacture was 
pre ceded by seven years of careful research and study 
in the Anaconda magnet wire laboratories. Anaconda 
Epoxy has proved its ability to solve many serious ap- 
plication problems. Why not get data for your own 
magnet wire needs. Just ask the Man from Anaconda, 
or write for Epoxy Catalog No. C-101 to: Anaconda 
Wire & Cable Company, 25 B’way, New York 4, N. Y. 


69251 


ASK THE MAN FROM 


ANACONDA 


FOR EPOXY MAGNET WIRE 
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Nev 


Components 
and Materials 


A staff compilation of the latest developments 


design-in use in electrically operated end products. 


screened for 


complete 


with all released specifications and available application data. 


TRANSISTOR HEAT 
RADIATORS 


Power transistor and rectifier radiators 
have surfaces ranging from 35 to 65 
sq in. Thermal resistance ranges from 
5 C per watt for convection cooling to 


“~ 


a 
0.5 C per watt with air flow of 10 cfm. 
Material is aluminum with  hard- 
anodized finish which eliminates neces- 
sity for insulating washer in many ap- 
plications. Series of manifolds available 
for forced-air cooling. Releo Products, 
Box 8327, University Park Sta., Denver 
10. Colo. 
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MAGNETIC CONTROL 
AMPLIFIER 


Model MA-1 magnetic amplifier pro- 
vides the necessary phase-angle firing 
control for General Electric C35, or 
equivalent silicon controlled rectifier. 
Designed for 120 volts, 50 to 400 cycles, 
M A-] supplies gate signal to controlled 


rectifiers to give full-wave a-c or d-c 
output. Features include: response, 
cycle of supply frequency max; com- 
plete isolation between power and con- 
trol circuits; multiple control wind- 
ings (five windings available for sum- 
ming, programming, compensation, 
etc.) ; essentially independent of load 
current; full-orr to full-on control with 
1.5 ampere-turns. Hermetically sealed 
magnetic control amplifier package is 
3 x 3 x 21% in. Magnetico, Inc., T. A. 
Div., 6 Richter Ct., East Northport, 
fe é 
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SILICON RECTIFIERS 


Rectifiers are offered in ratings of 20 
to 35 amp at 60 to 600 peak-inverse 
volts. Units have less than 5-ma reverse 
current and forward drop voltage of 


~ 
~ 


ah 
DALLONS 


-” 


vital 


0.65 max at test temperature of 25 C 
at 20 amp d-c. Solders used in construc- 
tion have melting point over 600 C. 
Mounting is by !%4¢-in. stud. Dallons 
Semiconductors, Diy. of Dallons Lab- 
oratories, Inc., 5066 Santa Monica 
Blvd., Los Angeles 29, Calif. 
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MINIATURE COAXIAL 
SWITCH 


SPDT switch Model 90-01 has same 
electrical and mechanical features as 
normal coaxial switches. Switch for 50- 


ohm cable can be directly inserted into 
circuit without adapters. Mating con- 
nectors are available. VSWR less than 
1.2 to 2 kme and insertion loss is 
0.5 db at 2.0 kmec. Voltage rating is 
1500 volts max at 60 cps and crosstalk 
better than 60 db to 2.0 kme. Operative 
life is 50.000 cycles min. Switch weight, 
1144 oz. Microdot Inc., 220 Pasadena 
Ave., South Pasadena, Calif. 
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1000-MC TUNNEL DIODE 


Tunnel diode ZJ-56A is immediately 
available in limited quantities. Features 
include peak-to-valley current ratio, 5 
to 1 min; peak point current rating, 
1] ma, +10 per cent typical; negative 
conductance of 0.065 mho_ typical. 
Other characteristics are identical with 


the other germanium _ tunnel-diode 
being offered by the company. Earlier 
G-E tunnel diode, ZJ-56, which has a 
minimum peak-to-valley current ratio 
of 8 to 1, was first made available last 
September. Operating junction tem- 
perature of both, —55 to +100 C. 
They have typical peak-point voltages 
of 55 millivolts and typical valley-point 
voltages of 350 mv. Both tunnel diodes 
are packaged in TO-18 standard 
transistor General Electric 
Co., Semiconductor Products Dept., 
Syracuse, N. Y. 

Circle 483 on postcard at end of book 


THERMAL INSULATION 


“Asbestosite” refractory material with- 
stands continual exposure to tempera- 


housing. 
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Automotive semiconductors that reduce cost... 
and open up new vistas in design. 


Hughes, pioneer in the development of advanced military semiconductor devices, now offers 


semiconductors designed to meet the needs of the automobile industry. ..semiconductors that 
both reduce cost and widen the scope of design. Here are two examples: 


FOR CAR RADIOS...the silicon capacitor 


The Hughes silicon cay 


to tune the 


acitor mak 


radio from the ste 


es it possible 
wheel, the 

y place in the car. The 
ed on the firewall or ir 


ering 


the trunk. 


By changing the 


capacitor you change the caf 


e of this Hughes silicon 
acitance—thereby 
eliminating the nee yr a mechanical tuner. 
Result 
parable savings in space and we 
operation is sim 


a cost reduction of over 40 .. plus com- 


ight. Pushbuttor 


excellent! 


FOR SIMPLIFIED ELECTRICAL SYSTEMS... 
Hughes rectifier assemblies 


Hughes automotive rectifiers are packaged in an 
exclusive unitized assembly, which forms an 
integral part of the three-phase alternator. And 
since separate rectifier packages are not used, 
your cost is reduced! 


For information concerning either of these two 
jevices—or any other HUGHES® semicon- 

r device—write, wire or phone Hughes 
Semiconductor Division, Marketing Department, 
Newport Beach, California. Phone Liberty 8-0671 
r MAdison 9-3271, Ext. 264. 


eating a w world with ELECTRONICS 


HUGHES | 


©1960, » AIRCRAFT COMPA 


SEMICONDUCTOR DIVISION 


Now car radios can be tuned from any place in the car! 


MARCH 1960 
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DYNACOR, 


A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
1008 WESTMORE AVENUE * ROCKVILLE, MARYLAND 


238 


SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores fo exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 
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INC. 


tures in the 1000 to 3000 F range and 
is capable of being subjected to higher 
temperatures during intermittent perl- 
ods of time. Tests on cylindrical speci- 
mens with -in. wall thicknesses indi- 


cated continuous outside 


temperature 
of 650 F while inside temperature read- 
ings were a continuous 2500 F. Asbesto 
fabricated in variety of 
Metal-clad configura- 
tions will be offered. 


site may be 
shapes and sizes 
Material is strong 
and possesses ability to withstand ex 
treme thermal shock. Harco Laborato- 
ries, Inc., New Haven, Conn. 
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VALVE ACTUATOR 


Electric rotary valve actuator, for con- 
trol of hydraulic valves and 
control, fits on valve stem. SM-11 ac- 
tuator in.-lb 
full-scale control in as 


process 


develops torques of 125 


and prov ides 


little as 1 sec 
curacies of one part in 1000. Actuator 


with remote-control ac- 


features enclosed and lubricated 
trains, 


gear 
weather-proof construction, 


choice of power supplies and motor 
that permits continuous operation at 
locked-rotor current. Built-in potentiom- 
eter, limit switches, magnetic brake, or 
tachometer are optional features. Ac- 
tuator provides remote or automatic con- 
trol for industrial equipment and may 
be pushbutton-controlled from a 115- 
volt, 60-cycle supply, or furnished with 
dial-type remote positioner. Solid-state 
amplifier for driving motor-control 
phase can be supplied. Variety of con- 
trol signals are acceptable. Jordan 
Controls, Inc., 3235 W. Hampton Ave., 
Milwaukee 9, Wis. 
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VARIABLE PERMEANCE 
TRANSDUCERS 

Transducer temperature ranges are 
—325 to -+-1000 F. Boron-free materials 
used throughout; sensing slug is high- 
temperature-compensated alloy with 
Curie point of 1580 F. Other character- 


I 
—=—— 
=a 
Sea 
= 
= 


istics include: 180-deg phase change at 
null; zero shift. less than 0.003 per 
cent/full-scale/deg F; thermal coefh- 
cient of sensitivity, less than 0.003 per 
cent/full-scale/deg F; null voltage, less 
than 0.25 per cent of total output; 
linearity, +0.3 to 0.75 per cent; 
linear ranges, +0.040 to +1.00 in. 
Technical Industries Corp. of Packard- 
Bell Electronics Corp., 389 No. Fair 
Oaks Ave., Pasadena, Calif. 
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INDUSTRIAL SILICON 
TRANSISTOR 


CK942, a p-n-p fusion-alloy silicon de- 
vice, has applications in the field of 
industrial controls. Intended primarily 
audio, 
switching, and d-c amplifier circuits, 
the CK942 features low saturation volt- 
age and good current gain at collector- 
current levels up to 50 ma. Collector 
cutoff current, 1 namp; power dissipa- 


for use in high-temperature 


tion 250 mw; rated temperature range, 

60 to +-160 C. Semiconductor Div., 
Raytheon Co., 215 First Ave., Needham 
Heights, Mass. 
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VARIABLE-FREQUENCY 
GENERATOR 


Type 3200 generator is a miniature 
permanent-magnet unit which provides 
a two-phase a-c output voltage. Voltage 
amplitude and frequency vary in direct 
proportion to shaft speed. Device used 


as reference generator to provide in- 
formation on shaft rotational speed and 
angular position. May also be used for 
circular generation on CRT. 
Output, 1 cps/rev/sec and 8 volts rms 
at 3600 rpm into 10,000 ohms; driving 
torque, 0.005 oz-in. at 3000 rpm; useful 
range, 0 to 15,000 rpm; case, Size 11. 
Cedar Engineering Div., Control Data 


sweep 
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help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 


engineering. To help make these tools first in performance and 


% HP Heavy 


Gon thie quality the world over, Black & Decker specify 


USG motor brushes. (Some of the industrial electric tool 

#63 Heavy Duty . 

Portable Sow applications are pictured here.) 
United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 


ssid Ohdte industry. Because the brushes in any electric powered unit are 


ae so vital to the long life, power and maintenance-free 


service of that unit, it pays to specify USG brushes 
of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
5 tained in these two books. 
5” Portable Grinder 
B-246-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8 MICHIGAN 
GRAPHITAR® carBon-crapHité © GRAMIX® POWDER METALLURGY © MEXICAN® crapniTe Propucts © USG® sausnes 
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Corp., 5800 W. 36 St., Minneapolis 16, 


sY-sanee Coils begin with aed Circle 488 on postcard at end of book 
cedahataatinedahiclaiad a Vad a A | QUICK-OPERATING 


FASTENER 

Fastener is a two-piece device, consist- 
ing of pin and collar. During installa- 
tion, the smooth-bore ID of collar is 





Pull groov 
We Graves: (Cellar 


Locking ee 


No sharp outside edges to cut wire } =! 
No need for wedges to tighten wire * 

Permits winding coils to closer tolerances Pin 
Allows faster stacking of wound coils 
Has full rigidity and physical strength swaged into locking grooves on pin, 


ANY SIZE—SQUARE OR RECTANGULAR : je | producing a positive mechanical lock. 
PARAFORMED paper tubes simplify coil wind- pe ; Once collar has been swaged in place, 
ing operations and speed production, yet cost no installation tool automatically breaks 
more. In the exclusive PARAFORM method of ‘ ea off and ejects pintail. Huck Manufac- 
tube making, no artificial heat or pressure is used turing Co., 2480 Bellevue Ave., Detroit 
— Paraforming takes place at the time of spiral 7. Mict 

winding. Hi-Dielectric. Hi-Strength. Kraft, Fish $PiRAL WOUND 
os Acetate, Red prea or ayy oe nee yy mine Not Die Formed i 

wound on automatic machines. Produced fri ‘ 

_— arbors or special sizes engineered for — | PHOTORELAY SENSING 


‘an also be supplied in regular or with slight bow. Write on company ELEMENT 
letterhead for 


PARAM STOCK Model P-CE features direct opera- 
OUNT PAPER TUBE CORP. | ARBOR LIST | tion of relays or counters without 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA of over 2000 sizes | amplification. Photo-sensitive unit op- 
Manvtacturers of Paper Tubing for the Electrical Industry Since 1931 erates standard relays or solenoid- 
| actuated devices wired in series with 

waeeed 240 on Inquiry Card | it. Coil resistance of solenoid or relay 


Breakneck groove 
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The Design Equation 
that Saves You Money... 


Use easy-to-install, 
economical National AT I @ N AY 1 i 

Retaining Rings to ‘ Ni & ot ae a 
locate and position / . - 

bearings or parts on . 

sec RETAINING }) 
Cooma Eliminate should be approximately 2200-2800 
grinding or machining ohms, max current 50 ma at 115 volts 
shaft stock to form — 4 Ni a-c. Sensing element is cadmium sul- 
shoulders. You save | fide cell. Sensitivity, 20 ft-candle (with 
time and material : : Potter & Brumfield KA-11AY or 
= reduce weight - improved design | KRPI11A) or 10 ft-candle (with Sigma 
ne ae See” 41,500 SC). Berkeley/Dynamics, 2831 
SnGRnD: Hams Vor ante + economy! | 7th St. Berkeley, Calif. 
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application, today! 
AMPLIFIER AND 
RESOLVER MODULE 


Module three inches long is designat- 

ed Amplisolver and consists of a Size 

8 winding-compensated resolver and 

the new NATIONAL way ; dual-channel buffer amplifier within a 

Size 15 frame. Amplisolver offers unity 

ALL TYPES AND FINISHES AVAILABLE—National rings are supplied transformation ratio with zero phase 
in square, round and rectangular types of carbon spring steel, bronze, shift over temperature range from —55 
eee eet stainless steel and aluminum in a wide selection | to +125 C. Input impedance, 1 


nishes. Send drawings or sample part for recommendations. . : 
megohm min; output impedance, 270 


The NATIONAL LOCK WASHER COMPANY -+- j400 ohms. Trim adjustment can be 
Serving Industry Since 1886 made in field to +2 per cent of unity 
NEWARK 5, NEW JERSEY e MILWAUKEE 2, WISCONSIN transformation ratio. Design permits 
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GENERAL INSTRUMENT SEWICONOUCTOR 


/ Ms AULA Ps 6 amps @ 25° Cy 
2 amps @ 150° C. 
Right: 420V RMS input; 


UTE LC 


Silicon Rectifier 
Sy Te Ae 


No aging The same high efficiency, reliability and 
long lived Silicon Rectifiers that have made 
Excellent regulation AUTOMATIC famous in the field are now 
available in stack assemblies. Arranged in 
stacks of up to twelve fins to produce hun- 
dreds of different circuit combinations, 
they are supplied in a range from 1 to 18 
amperes, and from 15V D.C. output to 750V 
Designed to meet military D.C. output. 
eMC T me iui es As always, General Instrument’s mass 
production experience and techniques make 
them available in production quantities at 
Hundreds of cell combinations truly competitive prices. You can obtain 
available — Special circuit them from authorized distributors through- 
configurations designed out the country. Additional information is 
available upon request — Write today. 


Wide range of operating and 
storage temperatures 


to your order 


Semiconductor Division 
GENERAL INSTRUMENT CORPOR 


65 G 


Visit us at 1.R.E. Show, Booths 1218-24 
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tion data, wt 


100, Dem- 
ns available 


onstretio 


by local re 


PCE 
CHOICE OF 
REGULATING 

OSCILLATORS 


Plug-in Modules Offer Flexibility 


to Meet Current and Future Needs 


The Model 500 is a single phase, variable frequency 500 VA 
supply employing any of four available, plug-in oscillators (or any 
external oscillator) to produce selected combinations of variable 
power, frequency, and voltage outputs, having high stability, low 
harmonic distortion and excellent voltage regulation. Output 
frequencies are from 40 to 3000 cps, voltage from 0 to 130, 
harmonic distortion better than 0.5% at 200 VA to 1% or less at 
450 VA, and amplitude regulation 0.5% for 5% line fluctuations. 
It operates from a 115 or 230-volt, 50/60 cps line and uses about 
1200 watts. 


Positive and negative feedback controls provide adjustment 
for optimum performance on leading or lagging power factors. 
All components are driven below rated values for extended, 
trouble-free service. Price about $1500. 


The Model 150 is a stable, single 
phase 150 VA supply using a choice of 
either an LC regulating oscillator which 
produces output frequencies from 380-2400 
cps at 115 volts or a precision 400 cps 
+.01% oscillator. In addition, an external 
oscillator providing 380-2400 cps frequen- 
cies at 0-130 volts may be used. 


Harmonic distortion is below 1% at 
50 watts and 11/,% at 150 watts; amplitude 
variation is 0.5% for 5% line kick; sta- 
bility is 0.1% +2 cycles. Controls on front 
panel provide adjustment of voltage feed- 
back for improved load matching. Operates 
from 115-volt, 50/60 cps line at 450 watts. 
Price $595. 


Performance is guaranteed. Prices are 
net, f.0.b. Boonton, N.J. and subject to 
change without notice. 


Radio Frequency 


Te) Vee 
Boonton, New Jersey, 


mes 


ives. 


as 
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Amplisolver to computing 
chain functions. American Electronics, 
Inc., Instrument Div., Culver City, Calif. 
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CERAMIC COIL FORMS 

Ceramic form sizes are 0.206, 0.260, 
0.312, 0.375 and 0.500 in. OD. Mounted 
heights are 19/32, 27/32, 1/16 and 
1 11/16 in. Collars, lugs, tuning cores 
and hardware are available. Forms may 
be obtained completely assembled or 


adapting 


in part. Special ceramic coil forms 
with diam to 2 in. available. Printed- 
circuit types include vertical and hori- 
zontal mounts. Ceramic is grade L-5 
and plating is to military specifications. 
United Products Co., 165 Franklin Ave., 
Nutley, N. J. 
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RING CLAMP 


Quick-action line clamp Series TA5000 
is suitable for securing electrical, hy- 
draulic and pneumatic lines. Quick-dis- 
connect nut can be disengaged with 
144 turn of screwdriver on integrated 
bolthead. Device can be opened and 
closed without removing clamp from 
its fixed mount. Fastener available in 
sizes from 14- to 6-in. diam. All are 
formed of 321 stainless steel. Cushion- 
ing materials offered: asbestos-Teflon, 
neoprene rubber, AW aromatic fuel- 
and weather-resistant cushion, and cor- 

(Continued on page 245) 


wr 


ors QA 
s 


™ corrugated 
cushion 
ae 


—— 
Asbestos- = 
teflon 

cushion 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


FREEZING A MOLTEN WILL-O’-THE-WISP (to +\° at 2200°F) 


Pittsburgh Plate Glass Company freezes molten 
glass temperatures at 2200°F to within +14° as 
it extrudes fiber glass so fine that 1700 miles of it 
weigh but one pound! How? PPG has selected 
CPM-1 Temperature Controllers made by Hagan 
Chemicals & Controls, Inc. The Hagan systems 
(over 200 of them have been ordered) not only 
set a new order of uniformity for glass fiber 
diameters, but are virtually wear-proof. They 
achieve this doubly profitable result by use of 
static control elements: there are no moving 


entire system! An integral part of the CPM-1 
unit is a CONTROL Proportioning Reactor with six 
control windings. It receives a proportional sig- 
nal, a reset signal and a rate signal, and provides 
both current limiting and manual control. “Rug- 
ged and able to handle multiple signals, yes,’ 
said Hagan engineers, “but what about sensitiv- 
ity?” When we showed them the proportioning 
reactor’s 2-milliampere windings, there were no 
more questions. However, we'll be happy to an- 
swer any you may have. 


parts, and only one vacuum tube device in the 


Figure 1. Hagan CPM-1 Temperature Controllers. Square Boxes are CONTROL Proportioning Reactors, 


ON YOUR BOBBIN, RESET, GO! 


TRANSFORMER 


PERATURE & 
CONTROL SIGNAL 


SATURABLE 
REACTOR 


PRECISION 
MELTING 
FURNACE 


PLATINUM 
THERMO-COUPL 


HAGAN CPM-! 
TEMPERAT URE 
CONTROLLER 


Figure 2. Schematic Diagram of Fiber 
Glass Furnace Temperature Control. 


Fiber glass is pulled through a die in the bottom of a 
“bath tub” of molten glass at more than 3 miles per 
minute. It is wound on a bobbin, and when a “package” 
is completed, the operator has 15 seconds to change 
bobbins and restart the operation. There is as much as 
a 15° temperature upset in the system, yet when the 
winder restarts, the controller must reset the tempera- 
ture at 2200° within +14° in the allotted 15 seconds. The 
CONTROL reactor puts out 100 watts at 80 volts, sufficient 
power to drive the saturable reactor ahead of it, and is 
at the instant beck and call of rapid and minute changes 
in signal. The response of the overall Hagan system is 
better than 0.1 seconds at full output. When the first 
tests were run, accuracy of control was found to be even 
better than the +14° anticipated. Should you wish to 
learn more about these satisfactions with static control 
via our proportioning reactors, we'll be happy to answer 
your request for intimate details. 


STATIC CONTROL: (flexible and standard) 


The function CONTROL Proportioning Reactors play in 
a system (the Hagan Temperature Controller is a tell- 
ing example) is unique. The designer—for process con- 
trol, for machine tool control, for assembly line control, 
for almost any control—can feed a variety of input sig- 
nals into several isolated control windings in each pro- 
portioning reactor, and sum them to provide an ampli- 
fied control signal. The reactor’s figure of merit (ratio 


of volt-ampere amplification to time of response) is 
exceptional. It is as high as 1,500 for an N,.?/R, of 1,800. 
Thus, there is both power and sensitivity for the de- 
signer who works with static control. Want to know who 
else among the nation’s leaders have joined production- 
smart Pittsburgh Plate Glass in the swing to static 
control? We'll be happy to tell you—and to help with your 
static control ideas. 


a 


Reliability begins with CON TROT. 


A DIVISION OF MAGNETICS. INC. 


MARCH 1960 


DEPT. EM-79, BUTLER, PENNSYLVANIA 
Visit our Booth 2533 at the IRE Show 
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ORIMITE 


RHEOSTATS 


WITH SPECIAL FEATURES 


solve many difficult control problems 


Ohmite offers not only industry’s most complete line of 
standard rheostats but also rheostats with a wide variety 
of special features. Illustrated are only a tew. All have 
the distinctive Ohmite design features: smoothly gliding 
metal-graphite brush; all-ceramic construction; insu- 
lated shaft and mounting; windings permanently locked 
in place by vitreous enamel. You will find the special 
rheostat feature you need in the dependable Ohmite line. 


Two groups of four Ohmite taper-wound rheostats 
mounted in tandem, controlled by a single ‘knob 
through a chain drive. 


n Company Letterhead for Catalog 58. 
Call on Ohmite for : 
APPLICATION 


ENGINEERING SERVICE ® Manufacturing Company 


Save valuable engineering 3613 Howard Street, Skokie, Illinois 


time. Team up with Ohmite to 

solve your resistance problems. 

Ohmite engineers are resist- 

ence specialists. They can 

ai indienne war nen : RHEOSTATS RESISTORS TAP SWITCHES 
: ee RELAYS VARIABLE TRANSFORMERS DIODES 


and recommend the correct 


rheostat to fit your application. fi Dat <1 TANTALUM CAPACITORS R. F. CHOKES 
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the most advanced thought in the 
field of electronics ...the most prac- 
tical and efficient source of heat 
developed for numerous industrial 
applications. You are invited to send 
samples of work with specifications 
Our engineers will process and re 
Tdi CMON Crem (Oley TE CUM ATL Mer 1 e 
and recommendations without cost 
Oa eee 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


PLASTIC COATING 
OF TOOL HANDLES 


A production line operation for 
coating handles of tools at Whitney 
Metal Tool Co., Rockford, Ill. uses 
induction heating with excellent re- 
sults. The handles only are heated 
by induction to the desired tem- 
perature then dipped into a vinyl 
chloride base coating material for 
a short period depending upon the 
thickness of coating desired. The 
plastic coating formed on the han- 
dies is then cured by immersion in 
a carbo-wax bath. 


FORMING OF METAL STRIP 
FACILITATED BY 
PROGRESSIVE ANNEALING 


_ c IC 2 IC 
OOOO 
Cc ite ne eee 
7 STEEL STRIP EEL STRIP AFTER 
INDUCTION COIL PRELIMINARY FORMING 


beaanAoa 


nll lal 


cobobobdnud 


c > 
« 2 


Metal forming operations which 
require intermediate anneals to re- 
store ductility can be facilitated by 
induction annealing the strip pro- 
gressively. Diagram illustrates this 
procedure for partially formed thin 
austenitic stainless steel strip. The 
induction annealing operation is 
scheduled in the production line 
between two press operations. 
Metal strip and wire of other mate- 
tials are also induction annealed 
in this manner. 


WRITE FOR NEW LEPEL CATALOG 
Electronic Tube Generators from 1 Kw to 100 Kw 
Ayer a meer OMe a lee ae Os 


VA L HIGH FREQUENCY 
PLL LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77, N.Y 
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rugated stainless. TA Mfg. Corp., 4607 
Alger St., Los Angeles 39, Calif. 
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LARGE CERAMIC 
CYLINDERS 


Thin-wall, large-diameter ceramic 
cylinders for coil forms, pistons and 
other precision applications are avail- 
able. Typical of units that can be made 
is the 5 1/16-diam x 3/32-in. wall 
cylinder illustrated. Made of 95 per 
cent alumina, the unit is 5.062 +0.002 
OD, 4.875 +0.005 ID and 4%4 in. long. 


Tolerances of +0.001 can be main- 
tained if necessary. Helical groove is 
machined over length of cylinder to 
root diameter of 5.000 +0.002 in. Pitch 
and width of groove are held to toler- 
ances of +0.002 in. Centralab Div. of 
Globe-Union, Inc., 900 E. Keefe Ave., 
Milwaukee 1, Wis. 
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POWER-DRIVE 
FLEXIBLE SHAFTS 


Heavy-duty flexible shafts are used to 
transmit rotary power over a curved 
path. The $100 flexible shaft, with 1-in. 
diam core, will transmit up to 760 in.-lb 
of torque at 600 rpm; S125 flexible 
shaft, with 114-in. diam core, will trans- 
mit up to 1650 in.-lb of torque at 500 
rpm. Core is made of layers of music 
wire. Casing is lined with oil-tempered 
spring steel, reinforced with wire braid 
and covered with an oil-resistant, neo- 
prene-impregnated fabric and an abra- 
sion-resistant rubber jacket. Shafts have 
a square slip coupling. Couplings of 








Components 


With or without caps. 
Internal or External 
Threads 


Come out of 


oWidwest i 
AND MANUPACTURING COMPANY 


FLASTICS 


FOR ELECTRICAL APPLICATIONS 
Send Prints for Quotation 


173 Rotary Brive 
GURNEE, ILLINGIS 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


10% DUTY 


hd deli td td 
| tooo [NI | | | tt tT 
Rell ct elec ack ll 
| hoodowty | WJ NT TT TT 
PPS 
po 
S28... -2>8 
CeCe 


DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 


and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


@ NO AXIAL MOVEMENT OF OUTPUT SHAFT 
@ THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


@ EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


@ AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


@ 15° to 60° ROTARY STROKES AVAILABLE 
@ PRECISION MACHINED THROUGHOUT 


@ DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 


ROLENOID, INC. 
Los Angeles 47, California 


1732 West Slauson Ave. 
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various bores available for connecting 
each end. Stow Mfg. Co., 9 Shear St., 
Binghamton, N.Y. 

Circle 495 on postcard at end of book 


STANDARD AND 
MINIATURE COILS 


Typical coils available from the manu- 
facturer are illustrated. Included are 
relay coils, solenoid coils, precision 


ts 


chokes, MIL types, toroids, high tem- 
perature and fine wire coils. Preferred 
Coils Inc., Box 14, Highland Sta., 
Springfield 9, Mass. 
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SOLID-STATE 
CURRENT LIMITER 


Current limiter is intended for use 
in all types of electronic circuits. 
Limiter is one-shot device which will 
fire in less than 1 millesec at 316 per 
cent of rated value or 1/10 sec at 150 
per cent of rated value. Available in 
ratings from 1/32 to 5 amp in 2 con- 
figurations. Model 100 fits standard 
fuse holder and is 1 in. long and has 
14 in. diam. Model 200 is 4 x %& x 
1/16 in., with pigtail leads for printed 
circuits. Special-tolerance current limit- 
ers may be supplied. Microlectron, 
Inc., Box 24174, Los Angeles 24, Calif. 
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MINIATURE SELENIUM 
RECTIFIER 


Rectifier bridge assembly is designed to 
operate directly from line voltage and 
is rated 155 volts rms max at 90 ma 
d-c. Rectifier combines four selenium 
elements in a package 146 x % x 
in. A twist-on locating or mounting lug, 
part of integral assembly, is used for 
mounting. Selenium cells have no arti- 
ficial barrier layer. Radio Receptor Co., 
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Synthane makes and fabricates 
laminated plastics 


Why worry about fabricating laminated plastics? 


There is not much point to fabricat- 
ing laminated plastics in your own 
shop. And there are good reasons 
why. One is the material itself. 
Synthane laminates are available 
in sheets, rods, and tubes, and in 
over 33 standard grades. Choice of 
form and grade for your part is im- 
portant. For example, a part which 
is basically tubular may have to be 


You furnish the print . 
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That’s our job. 


cut from a sheet rather than a tube. 
Or the material itself may have to be 
modified in order to meet your re- 
quirements. 

When you do your own machining, 
responsibility rests finally with you. 
The possibility of errors in dimen- 
sions, machining and tolerances, and 
of waste and delay suggest that you 
buy your laminated plastics from us 


.. we'll furnish the part 
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and let us do the fabricating for you. 
Call any of our representatives—i 
principal cities—for a quotation or get 
in touch directly with SynthaneCorp., 
17 River Road, Oaks, Pa. 


S OAKS, PENNA. 


CORPORATION 


Sheets « Rods « Tubes « Fabricated Parts 
Molded-laminated « Molded-macerated 
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“Multi-Switch’ 
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A COMBINATION TO MEET EVERY 


OPERATING SITUATION 


Illuminated or Non-illuminated 
Push Buttons. 1 to 37 Stations in 
a Row. 


e VERSATILE DESIGN— 
Easily adapted to individual 
requirements. 


e CHOICE OF 2 MOUNTING 
CENTERS. 


e UNUSUAL CHOICE OF 
FUNCTIONS. 


Flexible Switchcraft design makes 
it possible to connect two or more 
rows of Multi-Switches and provide 
inter-action between all buttons. 


STACK SWITCHES—Mounted on sepa- 
rate plate. Up to 4 stacks can be oper- 
ated with each button. 


Many other features available such as 
Lock-Out Bars, and Solenoid Release 
Devices. Write for Catalog S-581 


BOOTH 2827—Radio Engineering Show—N.Y.Coliseum—Mar. 21-24 


5539 N. Elston Ave., Chicago 30, Ill. 


Canadian Rep.: Atias Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 
AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS e 
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Over/under speed control 


TRANSISTOR TACHOMETERS 


. FUNCTION 3 WAYS: 


(1) Safety control for all rotating equipment. (2) Con- 


tinuous speed indication. (3) Pickup eliminates conventional tach generator. 


Adjustable 

Speed Control 

with meter accu- 
racy of 2% full- 
scale reading. 


ELECTRO-TACH 


Write for bulletin giving 100's of combinations from standard components 


ELECTRO PRODUCTS LABORATORIES 
4501-M North Ravenswood, Chicago 40 


Canada: Atlas Instrument Corp., Ltd., Toronto, Ontario 


Circle 251 on Inquiry Card 








Inc., Selenium Div., 240 Wythe Ave., 
Brooklyn, New York. 
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MOLDED NYLON SCREWS 
black nylon 


screws has been expanded. Added to 
round-head line are 1% and 1% in. 
Fillister 
these 


Manufacturer’s line of 


lengths with 356 thread sizes. 


head styles now include sizes: 


40 x 4, 34 and 4; 840 x 34, % and 
114; %o x 34, 1%, 58 and 114. Screws 
have chamfer and molded lead thread 
and are molded to American Standard 
thread specifications. Weckesser Co.., 
5701 Northwest Hwy., Chicago 46, II. 
Circle 499 on postcard at end of book 
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GERMANIUM POWER 
TRANSISTORS 
Transistors in 3— and 10-amp ratings 
meet the requirements of Signal Corps 
military specifications. 

The 2N297A is intended for general- 
industrial and military appli- 
Three-amp unit has collector- 
base rating of 80 volts, collector-emitter 
voltage of 40 volts d-c, and 10-watt col- 
lector dissipation at 75 C. The 2N1011, 
with 3-amp collector current rating, has 
similar ratings. 

Ten-amp 


purpose 
cations, 


current rating 
available in 2N1120 transistor provides 
current capabilities — for 
power-supply Collector 
mounting 
base temperature. Current-gain  fre- 
quency cutoff for all three is 5 ke. 
Motorola, Inc.. Prod- 


O' 
90. 
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collector 


increased 
applications. 


dissipation, 45 watts at 25 C 


Semiconductor 





Which picture do you fit? 


Here are four actual customers* with different, but ex- 
acting product and technical needs. One uses Bridgeport 
rod in a range of alloys, the second Bridgeport strip. 
A third makes fasteners from Bridgeport Brass wire. 


“AUTOMATIC QUALITY,” says Customer A. “We've a high-volume, 
automatic screw machine operation. Our alloy needs vary from 
job to job. Our production bo rs demand consistent quality alloy 
and accurate gauge. With every rod alloy we get from Bridgeport, 
we get what we order... including aluminum alloys!” 


“CONSISTENT GAUGE. We need Bridgeport quality brass wire to 
make thousands and thousands of fasteners of every description,” 
says Customer C. ‘‘High-speed, volume cold-heading production is 
only as good as the alloy wire that’s used. Bridgeport Brass wire is 
made to exact tolerances for cold-heading at high speeds—we 
depend on it.” 


These examples typify national metalworking opinions. 
There’s no mystery why manufacturers the country 
over depend on Bridgeport—Bridgeport products and 
service are close at hand. The many brass, copper and 
aluminum alloys made by Bridgeport in rod, tube, wire 
and strip are readily available from stocks in your area; 


BRASS 


Bridgeport 


co 
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The fourth company uses Bridgeport condenser tubes 
and Technical Service to produce quality heat ex- 
changers. Which picture do you fit with your raw 
materials and manufacturing requirements? 


“LONG-LENGTH COILS. They’re one reason why we can depend on 
Bridgeport for strip,’’ says Customer B. ‘Superior surface finish 
from Bridgeport saves us production costs. With their Sendzimir 
mill finish and exact gauge and width in long-length coil, you can 
see the reasons why we depend on Bridgeport for brass, copper 
and aluminum strip.” 


“PRODUCT PLUS SERVICE,” says Customer D. ““We manufacture heat 
exchangers for many applications. Our requirements include good 
technical and engineering service as well as a wide choice of brass, 
copper and aluminum tube alloys. All of these are available from 
Bridgeport.” 


*Names on request 


Bridgeport warehouses are located to make it easy for 
you to get what you want on time. Volume needs are 
mill-delivered. Your call to your nearest Bridgeport 
Sales Office, or a letter to Dept. 4203 will get you engi- 
neering and technical service. Try it, and you'll agree 
—you do fit into the picture! 


BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Conn. ¢ Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 


Circle 252 on Inquiry Card 





ucts Div., 5005 E. McDowell Rd., 
. , Phoenix, Ariz. 

- Circle 500 on postcard at end of book 
« me 
a : CAPSULE SLIP-RING AND 
BRUSH ASSEMBLY 
Assembly has 56 isolated circuits and 
the rotor is bearing-mounted at both 
ends. Total length is 0.982 with OD of 


*, | 
SPECIFY 
PRECISION | 0.624 in. with exception of drive flange, 

which is 0.750 in. diam. Leakage re- 


sistance is more than 20,000 megohms 
TR ae at 500 volts d-c between all circuits 


and between each circuit and ground. 





...- the Complete 
Line of Flat and 
Stack Mounting 

Wire Wound, 
Power Resistors “ike 
Current ratings are 0.5 amp on 12 cir- 

cuits and 0.25 amp on remaining 44 

Available in Wattage Ratings circuits. Lead wires are 28 and 30 

from 10 to 75 W AWG. Leads are spot-welded directly 

Resi R t 10 t to slip rings and brushes. Torque re- 
esistance Range from . ° quired is 65 gm-cm at 25 g between 

100,000 Ohms 0 and 2000 cps. Electro-Miniatures 


Corp., 600 Huyler St., So. Hackensack, 
MN. 3. 


TYPE BRS SMALL 


7 


eid em a Oe 
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; REVERSIBLE DECADE 

al COUNTER 

Applicable to industrial operations 
such as flow, tally and computing, this 
reversible counter requires a positive 
input transition of 2 to 3 volts in ampli- 
tude with rise time less than 1.0 usec 
or pulse greater than 0.25 psec in 
width. It operates at counting rates 
surpassing 100 ke in either direction. 
Input pulse trains may be derived from 
single or multiple sources for addi- 
tion and subtraction. Isolated output 
signals provided for driving external 


These High Reliability Space-savers feature matched co- 
efficient of expansion with gray vitreous enamel covering for 
complete protection from overloads and environmental con- 
ditions. Aluminum thru-bracket improves heat 

dissipation, minimizes hot spots, allows a Set ove 
higher wattage rating per unit of space.  }j «lus 
Bracket construction facilitates stacking and oe" 

saves additional space. 


For Complete Specifications and illustrated bulletin on H-H 
Blue Ribbon Resistors, call or write, today! 


The Mark 


Ga Li; 4 
RHEOSTATS 


Complete range 
from 25 to 1000 
watts. Shock resis- 
tant construction. 
High temperature 
enamel bonding 
withstands greater 
overload. 


of Quality since 1924 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 


Goay Line! 


Fixed, adjustable, 
ferrule and axial 
lead types for all 
commercial and 
military applica- 
tions. Super-rugged- 
ized for complete 
reliability. 
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A Tiny Producer, the honeybee, is 
equally famous as a supplier of a favorite 
delicacy and as a pollinator of valued 
crops. Worker bees — the only nectar- 
gatherers, honey-processors and home- 
builders — are always the smallest 
members of their colony. About 2” long, 
they're considerably smaller than drones. 


Miracles in 
Miniaturization 


ACTUAL SIZE OF THE MPB BEARINGS g 


IN DENTAL HANDPIECE SHOWN ABOVE 
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Small Pain-Reducer. In this newest 
dental handpiece, tiny MPB bearings per- 
mit the head to be miniaturized for easier 
use and better visibility, particularly with 
children. The MPB bearings used here must 
withstand punishing acceleration from 0 to 
250,000 rpm in a half-second, the speed 
necessary for comfortable, quiet drilling. 


Man With Miracles. Every day MPB 
Sales Engineer Ray Armstrong helps indus- 
trial and scientific engineering staffs to 
select miniature bearings that reduce fric- 
tion and increase accuracy of instruments 
and other devices. An MPB sales engineer 
is always ready to help you develop the 
miniaturization your products need. 


More Miniaturization Than Ever. Even in the dimmest past, reductions 
in size have been absolute necessities to meet certain needs. Today, outer space 
exploration and many other modern projects call for miniaturization on a 
greater scale than ever. MPB, continuing as the foremost pioneer in this field, 
produces over half of the nation’s supply of miniature bearings, including over 
500 types and sizes, ranging down to 1/10” O.D., with specials as required. For 
a catalog with complete details, for engineering assistance or for both, write 
Miniature Precision Bearings, Inc., 603 Precision Park, Keene, N. H. 


ME-B Helps you perform 
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ACCURATE, 
DEPENDABLE 
New Timing Devices 


wide wy FE) vd oT 


SERIES 


SERIES AT-31 AT-35 


HIGHEST ACCURACY * EASY MOUNTING 
and INSTALLATION * SIMPLE DESIGN ¢ 
DEPENDABLE OPERATION 


INTERVAL TIMERS— 
Manually Set SERIES AT-31 


Used to control fans, heaters, battery chargers, photographic 
apparatus and other similar equipment, these new timing devices are 
manually set to the desired interval—1, 5, 15, 30, 60, 120 or 180 
minutes, 12, 16, 24 hours. At the completion of the interval selected, 
switch may either open or close, controlling the load and the 
timing motor. For 120 or 240 volt operation at 50 or 60 cps. Switch 
ratings: SPST rated at 28 amps. 250 vac, 1 hp 250 vac. SPDT available. 


INTERVAL TIMERS— 
Push Button Actuated—Non-Adjustable SERIES AT-35 


Used in the control of vending machines, hand dryers, photocopying 
equipment etc., these timers allow the repetitive actuation of a 
factory-set interval without the need for hand selection. Operation of a 
push button starts the timing interval. When this is completed, 
the switch actuates, de-energizing the load and the timing motor. 
Supplied with any interval from 2 seconds to 20 minutes, 12, 16, 24 hours. 
For 120 or 240 volt operation at 50 or 60 cps. Switch ratings: 

28 amps., 250 vac., 1 hp, 250 vac. SPST, SPDT available. 


BOTH OF THESE TIMERS— 


. are totally enclosed in molded phenolic 
housings and feature heavy brass terminals held permanently in 
place to eliminate the possibility of blades’ shifting position during 
installation or operation. Quick disconnect spade-type terminals 
allow fast, easy hook-up or replacement. 


FOR COMPLETE INFORMATION ... write today outlining your 
specific timing requirements. 


2527 EAST ELM STREET @ TORRINGTON, CONNECTICUT 


Haydon — 


AT TORRINGTON = 


ig ae “~ 


Division of General Time Corporation 
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Headquarters for Timing — 
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output devices such as printer drives. 
Binary-coded-decimal indication may 
be self-contained or separate. Victor 
Adding Machine Co., 3900 N. Rock 
well St., Chicago 18, III. 
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CLIPS AND TERMINALS 


Variety of spring and fuse clips and 
lock-washer terminals is now available. 
New lock-washer terminals are 


ts 
@) 


factured with No. 4, 6 and 8 holes from 
0.018 brass or phosphor bronze, hot 
tinned. Zeirick Manufacturing Corp., 


110 Beachwood Ave., New Rochelle, 
N.Y. 


manu- 
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SILICONE VARNISH 


Class H dipping and im- 
pregnating varnish approximates most 
Class A and Class B varnishes in ease 
of processing. Varnish 980 cures in 6 
hr at 150 C, 50 C below usual silicone 
varnish. Run-off is substantially lower 
than that for other varnishes. Material 
meets AIEE requirements for use in 
220 C systems. Supplied as 59 per cent 
solids in diacetone alcohol, the varnish 
has a higher flash point than xylene or 
toluene impregnating solutions. Dow 
Corning Corp., Midland, Mich. 
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silicone 


DIELECTRIC COOLANT PUMP 


Lightweight pump for liquid cooling of 
electronic instrumentation is able to 
pump any dielectric fluid. According to 
manufacturer, the pump is designed to 
minimize cavitation problems encount- 
ered with the low-inlet suction pres- 
sures associated with high-altitude 
operation. Wet-motor construction obvi- 
ates use of rotating seals and attendant 
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leakage problems. Other applications 
include use as fuel transfer or booster 
fuel pump. Unit can be manufactured 
to meet applicable military specifica- 
tions. Specifications include: contin- 
uous-duty 4-pole, 3-phase, 200-volt mo- 
tor; weight, 21 0z; amps, 0.75; pump 
pressure rise, 20 psi at 2.8 gpm. Pump 
is 4.38 in. long and has 2 in. diam. Bear- 
ings are carbon and pump can run dry. 
Task Corp., 1009 W. Vermont Ave., 
Anaheim, Calif. 
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MAGNETIC SHIELDS FOR 
AUTOMATION TAPES 


Netic Co-Netic magnetically shielded 
containers accommodate recording tapes 
that are normally supplied in square or 
round plastic reel cases. Tapes are pro- 
tected against erasure or distortion 


fl 


caused by extraneous magnetic fields. 
Containers are offered in round and 
square shapes, in single or multiple 
reel capacities. Magnetic Shield Div., 
Perfection Mica Co., 1322 No. Elston 
Ave., Chicago 22, II. 
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HIGH-TEMPERATURE 
LAMINATES 


Two industrial laminated _ plastics, 
Grades ARF-HT (an asbestos mat 
plastic) and Grade G-3-HT (a glass- 
fabric plastic) are suitable for high-tem- 
perature use. Grade ARF-HT consists 
of an asbestos mat reinforcement with a 
modified phenolic-resin binder for high- 
temperature resistance. May be used 
at temperatures to 500 F. Flexural 
strength for ARF-HT is 35,000 length- 
wise and 25,000 psi crosswise; com- 
pressive strength, 50,000 psi flatwise; 
tensile strength is 20,000 lengthwise 
and 12,000 psi crosswise; all properties 
are as received, before exposure. Forty 
per cent of original flexural strength 
retained after 1000 hr exposure to 500 
F. 


Grade G3-HT has glass-fabric rein- 
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NEW 
COMPACT 
TIMING DEVICES 


*’y Haydon 


TM. REG. U.S. PAT. OFF. 


DESIGN FEATURES— 


Unusually compact, rugged and accurate, these new timers 
are totally enclosed in molded phenolic housings. Simple design, 
selected materials and careful manufacture insure dependable 
operation and long life. Heavy brass terminals and blades are held 
permanently in place to eliminate shifting during installation 
or operation. Quick disconnect spade-type terminals insure fast, 
easy hook-up or replacement. 


INTERVAL TIMERS— 
Push Button Actuated, Adjustable SERIES AT-36 


Used to control fans, vending machines, mixers, photocopying 
equipment and other similar devices, these timers allow the user 
to select a desired interval (30 seconds, or 1, 5, 10, 30, 60 or 120 
minutes) and then repetitively actuate this interval by simply 
operating a push button. At the completion of the interval 
selected, a switch is actuated, de-energizing the load and the timing 
motor. For 120 or 240 volt operation, at 50 or 60 cps. Switch 
ratings: 28 amps., 250 vac., 1 hp, 250 vac., SPST, SPDT available. 


CYCLE TIMERS— 
SERIES AC-42 


Used to control vending machines, hand dryers, photocopying 
equipment etc., these timers repeat a set cycle or sequence of 
switching operations as long as the motor circuit is energized. 

If desired, the motor can be wired through switch contacts to limit 
rotation to one cycle. Standard timing intervals are: 15 and 30 
seconds; 1, 2, 3, 4, 5, 6, 10, 15, 30, 45, and 60 minutes; 6, 8, 12 
and 24 hours. For 120 or 240 volts, 50 or 60 cps. Switch ratings: 
25 amps., 250 vac., 4 hp, 250 vac., SPDT. 


FOR COMPLETE INFORMATION ... write today outlining your 
specific timing requirements. 


2527 EAST ELM STREET ® TORRINGTON, CONNECTICUT 


= "ied for wae H. ay don 


— AT TORRINGTON 


Division of General Time Corporation 
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forcement and modified phenolic- 
resin binder for recommended tempera- 
ture resistance of 500 F. Properties 
include: flexural strength before ex- 


si ssqi Wa to et be posure, 60,000 lengthwise and 50,000 
psi crosswise; compressive strength is 


50,000 psi flatwise; tensile strength is 

— 30,000 psi lengthwise and 25,000 cross- 

as Tr | = ; wise. Percentages of original strengths 

Q" retained after 1000-hr exposure to 500 

F are: flexural strength, 40 per cent; 

compressive strength, 80 per cent; ten- 

sile strength retained, 40 per cent. 
Synthane Corp., Oaks, Penna. 
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TANTALUM CAPACITORS 


Electrolytic capacitors for printed 


circuits, designated as TES type, are 
° single-ended tantalum foil units and 
® soldering meet requirements of MIL-C3965 B 
except that both leads emerge from 
1 ith one end. Capacitors contain non-cor- 
Irons WI rosive wet electrolyte and are rated 
‘Syed 
MAGNASTAT . 


temperature control 





ONLY WELLER MAGNASTAT IRONS | WSEAS x 
OFFER ALL THESE ADVANTAGES: | -55 to +85 C. Available with ratings 


of 3 to 150 volts, in polar and non-polar 
Less than half the weight of uncontrolled irons. 


Handle also remains cool. This means less operator 
fatigue and increased production. 


units with welds of the leads completely 
encapsulated in epoxy compound. 
Capacitors are currently available in 
Rapid heat transfer assures maximum efficiency | two lengths, $4 and 1 in. Transistor 
in performance. In many instances the exclusive Electronics Inc., West Rd., Benning- 
Magnastat design permits the use of a lower wattage ton, Vt. 

iron than otherwise required. Circle 508 on postcard at end of book 


Tip Seperanare automatically remains con- SHAFT-POSITION ENCODER 
stant. It's magnetically maintained for more reliable 

soldering, less tip redressing, less down time. Photoelectric shaft-position encoder RD- 
17 gives angular position data in 17- 
digit cyclic binary code with one-digit 
accuracy. The 17-digit accuracy for one 
shaft revolution is obtained in unambig- 
3-wire grounding cord plugs into handle, reduces uous form without use of gears. It may 
cord maintenance. be used to read shaft position in digital 
form, either for recording on magnetic 


Expertly fabricated of finest materials. Each 
Magnastat iron is individually inspected and tested 
before it leaves the Weller plant. 


= oe ee ee ee ee ee ee ee ee ee ee ee ee ee ee oe ae or punched tape, or for application to 
digital computer. Typical applications 
New 55-Watt Pencil -Type Model | include servo and machine control sys- 


MODEL TC-55 controlled low temperature $900 tems. RD-17 Digisyn consists of glass 
a ee Ee ree list | disk (coded by array of opaque and 


Other Weller Magnastat Soldering Irons: | transparent segments), flash lamp to il- 


MODEL TC-40—40 watts, for printed $900 jist luminate a radius of code disk, a multi- 
circuits, etc. 


MODEL TC-60—60 watts, for medium ; 
electrical soldering $1900 list 


MODEL TC-120—120 watts, for heav ‘ 
electrical soldering ¥ $1159 jist 
SOLD THROUGH FRANCHISED DISTRIBUTORS 


A few franchised territories are available to qualified 
distributors. For details write to C. R. Robertson, 
Vice President. 





WELLER ELECTRIC CORP. 601 STONE’S CROSSING RD 


EASTON, PA. 
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Thanks to this tiny insulation pin, house- 
wives now get exact temperature control 
in their cooking appliances because 
manufacturers are able to design a 
better product. 


It’s made of Spaulding 800 Rod material 
and used in the temperature control dial 


prensa of electric fry pans. 
Spaulding 800’s extremely high dimen- 
sional stability under heavy moisture 
SPAU LDING 800 ROD conditions helps the dial maintain 
factory-set temperature calibration and 

a sien control indefinitely. 
P uts Mor € Sk ull 800 is another example of a new ma- 
in El e ctri Cc Ski l l ets terial developed through the research 


facilities at Spaulding to meet the 
changing needs of industry. 


Progress Reports on other new 
Spaulding materials are available on 
request. 


XXX-800 LE-800 
ELECTRICAL GRADES (Paper Base) (Linen Base) 


5 Diameter Tested .......... : %”. Y,” 
Spaulding 800 Offers 7 Water Absorption % .. J 46 
These Unique Characteristics Specific Gravity . 1.35 
Flexural Strength PSI . 28,000 


Tensile Strength PSI 16,700 
SPAULDING FIBRE COMPANY, INC. 


Compressive Strength Axially 24,000 
346 Wheeler Street, Tonawanda, New York 


Charpy Impact Strength Ft. bbs. ..0.0.....625 
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Tae 
interchangeable with 
many other makes 


Stromberg-Carlson’s type “E”’ relay 
combines the time-proven character- 
istics of the type “A” relay with a 
mounting arrangement common to 
many other makes. 

As the drawing above shows, uni 
versal frame mounting holes and 
coil terminal spacing allow you to 
specify these relays—of “telephone 
quality’ —interchangeable with the 
brands you have been using. Costs 
are competitive and expanded pro- 
duction means prompt delivery. 

Welcome engineering features of 
the telephone type “E” relay are 
Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay 
Coil: single or double wound, with taper tab 
or solder type terminals at back of relay 


Operating voltage: 200 volts DC maximum. 


You may order individual can 
covers in a choice of 3 sizes for the 
new relay, as well as for our type 
“A” and “C” relays. 

For complete details and specifi- 
cations on the “E” relay and other 
Stromberg-Carlson relays, send for 
your free copy of Catalog T-5000R2. 
Write to Telecommunication Indus- 
trial Sales, 117 Carlson Road, Roch- 
ester 3, New York 


STROMBERG -CARLSON 


A DIVISION OF 


GENERAL DYNAMICS 
SE ATO SN ES 
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element photo-sensitive light detector, 
17 amplifier channels, power supplies 
| and controls electronics. Unit operates 
from 115 volts, 50 or 400 cps. Meets ap- 
plicable portions of MIL-E-4158B. All 
circuits feature solid-state components. 
Wayne-George Corp.. 588 Common- 

wealth Ave., Boston 15, Mass. 
Circle 509 on postcard at end of book 


PULSE-LENGTH CONTROLLER 


Controller is used to extend = or 
shorten the duration of an electrical 
impulse and is offered in a_ series 
designated PC-600. Pulse controller 


may be applied to hydraulic-pneumatic 
machinery, counters, or wherever it 
is desirable to improve system efficiency 
by adjusting electrical impulse length. 
Three models available in any of three 
ranges of adjustability from 30 to 500 
millisee. Longer periods of time pro- 
vided by special models. Same unit will 
either lengthen or shorten input pulse. 
Output pulse, up to 5 amp at 115 volts 
a-c; time to recharge system, 15 milli- 
sec with 5 millisec lag from start of 
input to start of output pulse. Warco 
Industries, Inc., 6625 Delmar Blvd., St. 
Louis, Mo. 
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PAPER-TAPE READER 


Model 3500 photoelectric reader is 
a completely solid-state unit which 
stops before the next character at read- 
ing speeds of 1000 characters per sec. 
Made to meet requirements of digital 


computer input, machine tool control, 
etc., Dykor reader offers features such 


as: all standard 5, 6, 7 or 8-level tapes | 
plus sprocket may be handled inter- | 
changeably merely by setting tape | 


guides; both dual- and single-speed 
units operating at 100 to 1500 char- 
acters per sec are available. Silicon 
photo-diodes are used. Light source is 
considerably derated. Various states 
of amplification available for both in- 
put control signals and output data 


signals. Outputs provided, if desired, | 


| with gated amplifiers and shaper cir- 


Resistant 


Heat 
Resistant 


DIALL 


MOLDING 
COMPOUNDS 


Faster Flame Out than 
Any Other Flameproof 
Molding Compounds 
Heat Resistance 

to 500° F 


New Diallyl Phthalates 


52-70-70 Short Glass Fiber 
52-40-40 .. . Long Glass Fiber 
51-60. . . Asbestos Filled 
50-52 .....Dacron® Filled 


New Diallyl Iso-Phthalates 
FS-10.. Short Glass Fiber 
FS-80 . . . Long Glass Fiber 
FS-60 Asbestos Filled 


rite TODAY for Data Sheets 
ist Off the Pr 


When you M 


FF - 
.O ev? 


Remember DIALL... 
Easy to Mold 
Easy to Machine 
No Post-Mold Shrinkage 
Resistant to Solvents 

and Corrosives 

Unaffected by Moisture 
Fungus Proof 
Does Not Corrode Metals 
All Colors Available 


Please address all inquiries regarding 
Diali molding coms nds to 
MESA PLASTICS COMPANY... 


12270 Nebraska Avenue 
Los Angeles 25, California 
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SYLVANIA MAKES ALL THREE— ALLOY, CLAD AND PLATED WIRE 


Weert ter red 


sepsens! |) 4b 6 


; 
5 
' 


—let Sylvania give you an unbiased recommendation on wire 


In today’s designs for high-temperature products, this 
much is clear: wide variations in corrosion- and oxidation- 


resistance plus conductivity make wire selection all- 
important. 


You can simplify your design and specification problems 
by getting a Sylvania recommendation on wire. Sylvania 
knows wire, knows the particular advantages of each 
kind. In fact, of all major manufacturers, only Sylvania 
makes all three types of bare wire—alloy, clad and plated. 


Available in a complete range of sizes—.002 to .250, re- 


tains optimum characteristics at temperatures up to 
1600° F. 


Thus you can be sure a Sylvania wire recommendation 
will be objective—it will be based on your needs, and not 
limited by what the supplier can supply. Why not get 
full details and timesaving technical assistance today. 
Simply write Sylvania Electric Products Inc., Parts 
Division, Warren, Pennsylvania. 


¥SYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS (<2) 


MARCH 1960 


Circle 261 on Inquiry Card 





/ 


SPRAGUE’ RELIABILITY 


in these two dependable 
wirewound resistors 


MINIATURE 


(32u0 


e 
VITREOUS-ENAMEL ; POWER RESISTORS 


New Koolohm construction fea- 
tures include welded leads and 
winding terminations —Ceron 
ceramic-insulated resistance wire, 
wound on special ceramic core— 
multi-layer non-inductive windings 
or high resistance value conven- 
tional windings — sealed, insula- 
ted, ceramic outer 
shells—aged-on-load to stabilize 


non-porous 


resistance value. 


You can depend upon them to 
carry maximum rated load for 
any given physical size. 


Send for Engineering Bul- 


letin 7300 for complete 
technical data. 


ALL UNITS ACTUAL SIZE 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET » NORTH ADAMS, MASS. 


SPRAGUE COMPONENTS: 
RESISTORS * CAPACITORS * MAGNETIC COMPO- 
NENTS * TRANSISTORS * INTERFERENCE FILTERS ° 
PULSE NETWORKS * HIGH TEMPERATURE MAGNET 

WIRE © PRINTED CIRCUITS 


Sprague’s new improved construc- 
tion gives greater reliability and 
higher wattage ratings to famous 
Blue Jacket miniature axial lead 
resistors. 

They are ideal for use in minia- 
ture electronic equipment with 
either conventional wiring or 
printed wiring boards. 

Get complete data on these de- 

pendable minified resistors, write 
for Engineering Bulletin 
7410. 
TAB-TYPE BLUE JACKETS: For 
industrial applications, select 
wattage ratings from 5 to 218 
watts in Sprague’s famous Tab- 
Type Blue Jacket close-tolerance, 
power-type wirewound resistors. 
Ideal for use in radio transmitters, 
electronic and industrial equip- 
ment, etc. For complete data, 
send for Engineering Bulle- 
tin 7400A, 





SPRAGUE 


THE MARK OF RELIABILITY 





Circle 262 on Inquiry Card 


cuitry. Tape motion can be controlled 
by either d-c or pulse input. Dykor 
Tape Reader Div., Digitronics Corp., 
Albertson, L. L., N. Y. 

Circle 511 on postcard at end of book 


TIME-DELAY RELAY 

Two-transistor timer E404 is designed 
for continuous duty, including 100 hr 
at max rated temperature and voltage. 
Contacts: various forms and ratings 


(at 32 volts d-c or 115 volts a-c) from 
14 amp to 10 amp resistive and 5 amp 
inductive. Contact current ratings 
based on contact life of 100,000 opera- 
tions. Standard delays range from 
0.001-10 sec to 0.025-300 sec. Recycle 
0.015 sec max for any delay 
greater than 100 millisec, less recycle 
time for shorter delay. Temperature 
+-125 C. Operation op- 
tions: timing cycle starts upon appli- 
cation of power; 


time, 


range, —55 to 


power continuously 
applied and timing cycle started by 
separate control pulse. Timing ac- 
curacy: 5 to 10 per cent standard; to 
0.001 per cent on order. Wheaton En- 
gineering Corp., 920 Manchester Rd., 
Wheaton, III. 
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FRONT-MOUNTED 
MINIATURE PILOT LIGHT 


Dialco line of miniature lamps _ in- 
cludes a series which is watertight on 
the face of the panel. Neoprene gasket 
on shank of lens holder and a 6 in. 
thick O-ring seal behind flange of 
mounting bushing are used. Assembly 


mounts from front of panel in single 
15go-in. diam hole. Pilot light ac- 
commodates T-13/4 flange-base lamps 
of voltages from 1.3 to 28.0 volts. Series 
101-8430W units are 1% in. long 
and meet applicable military specifica- 


ELECTRICAL MANUFACTURING 





For heavy load, 
continuous duty, 
Dyna-Line 


Squirrel cage induction 
MOTORS 


have field coil leads 
amply insulated and protected with 


NATVAR] 


Vinyl Coated FibejsgetemblLBLt 


Z 
P 


‘Zp 


‘ = . . . 
4 r Company, Dayton, are widely used in continuous 


ne # rs manulactured by the Brown-Broc k- 


Sperating, constant speed drives for compressors, large 


pumps, blowers, presses, mac hine tools, and other industrial 


Dyna-Line polyphase motors are made 
in two and three phase types, in sizes 
from 1/15 through 150 HP, for various 
voltages and speeds, and 40°C rise. 
Stator windings are impregnated with 
baking varnish twice. to seal the wires 
and protect them from dust, moisture, 
and corrosive vapors, and then given a 
coat of red protective sealer. Natvar 


Vinyl Coated | iberglas Tubing on the 
leads easily withstands the dip and 
bake processes. 


mac hinery. 


Materials are carefully selected for their ability to stand up 
under heavy loads and severe operating conditions. Natvar 
Vinyl Coated Fiberglas Tubing is used to protect the field 


coil leads because of its excellent unilormity and heat 
; Natvar Products 


Varnished cambric—sheet and tape 
Varnished canvas and duck— 

sheet and tape 

Varnished silk and special rayon 
sheet and tape 

Varnished papers—rope and kraft— 
sheet and tape 

Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 

Slot cell combinations, Aboglas® 
Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing and 
sleeving 

Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 
Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
Extruded identification markers 


resistance. 


i} you need insulating materials with good physical and elec- 
trical properties, and exceptional uniformity, it will pay you 
lo specily Natvar, and get in lou h with your wholesaler or 


write us direct. 


m NATVAR conrorarion 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION *T.M, (Reg. U.S. Pat, Off.) OCF Corp. 
TELEPHONE CABLE ADDRESS We will be very happy to supply information 
FULTON 8-8800 NATVAR: RAHWAY, N. J. on any of our products on request. 
207 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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| tions. Dialight Corp., 60 Stewart Ave., 


\ Brooklyn Si, N.Y. 
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GUIDED-ENTRY 


| 
| MINIATURE JACK 
Transmission | Type SKT-50 “Press-Fit” jack with a 


Teflon body takes an inserted probe 
ment almost blindly. Test jack has gold- 
Job-Rated for the quip 4 flashed beryllium-copper contact and ac- 
Particular Load to 
Give Maximum Performance on Your Job 


NON-LUBRICATED 
EASILY-ASSEMBLED 
FLEXIBLE COUPLINGS 


cepts a 0.080-in. diam probe with length 

of 0.310 in. max. Any one of eleven code 
yy" 10 970" iF : peas colors may be chosen. Sealectro Corp., 
iy” 10 22" é im cd 139 Hoyt St., Mamaroneck, N.Y. 


1500 ' Hi \ F : 
or te 3000 in | aie | Circle 514 on postcard at end of book 
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Terai, yy yo 51008 ic , PLASTICS ADHESIVE 


{static)- 1 
Bond-Seal adhesive is non-conduc- 
tive, contains no metallic fillers, and is 


MAINTENANCE-FREE INSTANTLY- resistant to acids and alkalies. Bond- 
ADJUSTABLE VARIABLE SPEED PULLEYS Seal shows good adhesive properties 


with iron, steel, aluminum, wood, glass, 
concrete, epoxy and polyester lamin- 
ates. With steel, it has tested up to 3000 
lb in tensile shear. Will not adhere to 
plastics such as vinyl, polyethylene or 
polystyrene. It is packaged in two 6- 
oz tubes. Beetle Plastics of Crompton 
& Knowles, Fall River, Mass. 
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MAGNETIC AMPLIFIER 


Model 1201 amplifier incorporates an 


SHAFT MOUNTED, GEAR REDUCERS — - adjustable network to adapt it to a 
ELIMINATE SUPPORTING STRUCTURES Ve : range of sensor voltages and imped- 
END ALIGNMENT PROBLEMS : ’ ances, For all sensors, amplifier output 


is 0-5.0 volts d-c. Output impedance, 


Stock 
18 Models ae 425 RPM. 


Speeds Fractional to 120 
HP ol 
Single 6.5: Eee nol 
Rotios ye a 7:1 Nom 
wea 1% to 5% in. 


Hollow Shotts | 


1000 ohms max; output linearity, +1 
3 a he per cent of full scale (+50 my). Fre- 
Get saveley performance for your eavipavant. : quency response, 2 cps approx; input 


Request full information now. impedance, 100 ohms/my input signal. 
Excitation voltage, 28 volts d-c, +5 per 


Jo MT AL LATTA | s tyreetoe Moen ves ox ns, 


Joliet, Ill. 
Circle 516 on postcard at end of book 
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21] Nickelectric News 


DEVELOPMENTS IN NICKEL 
AND NICKEL ALLOYS 
AND THEIR APPLICATIONS 





Inconel “X” Alloy Springs NICKEL ALLOYS BOOST MINIMUM LIFESPAN 
Perform At 300°C 


“Diamond H” relays are designed to op- 
erate in ambient temperatures of 
to +200°C. However, coil dissipation 
and contact heating may well raise the 
temperature of the spring material to 
300°C according to The Hart Manufac- 
turing Company. 


65 


This is one of the 
which has governed 
Inconel ‘‘X’’* age-hardenable nickel- 
chromium alloy for springs in the 
“Diamond H” high temperature relays. 


Inconel “X” alloy is an outstanding 
spring material at temperatures up to 
540°C and down to sub-zero levels. It 
has a high resistance to oxidation and 
corrosion, and a low creep rate, coupled 
with good relaxation resistance. This 
precipitation-hardening alloy is non- 
magnetic. 


primary reasons 
the selection of 


“Diamond H” relays are made to carry, 
make and break rated contact loads for 
a minimum of 100,000 cycles. Under re- 
duced loads, greater life expectancy is 
experienced. Vibration resistances range 
from 10-55 cycles at 1/16” double ampli- 
tude and 55-2,000 cycles at 20 “G”; op- 
erational shock resistances in excess of 
50 “G” and mechanical shock resistance 
exceeding 100 “G”. Various mounting 
arrangements are available, with a plug- 
in socket, if desired. 


Pertinent Literature: Nickel Alloys for 
Electronic Uses, and Technical Bulletin 
T-38, Inconel ‘‘X’’ Age-Hardenable 
Nickel-Chromium Alloy. 
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OF HIGH-TEMPERATURE AIRBORNE RELAYS 
TO 100,000 CYCLES 


HARTFORD, CONN. - 


and jet planes are being offered by 


115 V. 60,400 cycles AC 


Two series of miniature relays for use in missiles 
The Hart Manufacturing Company. 
Series R relays can switch up to 10 amperes at 30 V. 
for 100,000 operations at 200°C 


DC and 5 amperes at 
.— Series S will per- 


mit intermixing of dry and wet circuits up to 125°C. 


To insure reliability of the 
8 critical springs of the re- 
lay, Hart engineers chose 
Inconel “X’’* age-harden- 
able nickel-chromium al- 
loy as the material of con- 
struction. Inconel “X” al- 
loy springs retain their 
useful properties up to 
540°C and higher. 


For maximum resistance to 
relaxation, or load loss 
for prolonged times at up 
to 370°C. Spring Temper 
Inconel “X” alloy wire is 
used. For higher tempera- 
ture service, No. 1 Tem- 
per (370°-540°C) or So- 
lution Treated wire (540°- 
650C°) should be em- 
ployed. 

These relays occupy 1.6 
cu in. The Series S relay 
has a sealed coil within a 
hermetically sealed case. 

The header pins of the relay are made 
of Grade “A” Nickel. Its thermal expan- 
sion coefficient makes it amenable to an 
excellent glass-to-metal hermetic seal. 
Strength at high temperatures, oxida- 
tion resistance and ease of fabrication 


are important additional advantages of | 


Guard against oxidation | 
of heater wire terminals | 
and lead wire breakage | 


NEW YORK — One sure way to avoid 
trouble where you have severe operating 
conditions, is to put Nickel and Nickel 
alloys to work. 


Terminals of Grade “A” Nickel, for ex- 
and embrittle- | 
ment all the way up to 1900°F. Seamless | 
| HUNTINGTON ALLOY PRODUCTS DIVISION 


ample, resist oxidation 
barrel connectors of tough Monel* nickel- 
copper alloy retain their strength 
“grip” despite corrosive atmospheres. 


ANC, 


IN COMPLEX CIRCUIT 
Series R relays photographed from the first recovered nose 
cone of a Jupiter Missile. 


and | 





This view shows the “Diamond H” 


this material. 
Pertinent Literature: Electronic grades of 
Nickel and Nickel alloys—with their uses 
are fully described in our booklet, 
Nickel Alloys for Electronic Uses. Write 
us for a copy. Huntington Alloy Products 
Division, The International Nickel Com- 
pany, 67 Wall Street, — York 5, N. Y. 
Circle 265 on | Card 


Lead wire of Grade “A” Nickel is strong 
and tough, combining excellent oxidation 
and corrosion resistance with good elec- 
trical properties at high temperature. It 
works easily, withstands shock and vi- 
bration. Available solid or stranded with 
asbestos or fiberglass insulation, Grade 
“A” Nickel wire is used in hot plates, 
electric ranges, heaters of many types, 
and for carrying current in high tem- 


perature zones. 
*Inco trademark 


The International Nickel Company 
67 Wall Street New York 5, N. Y. 


ALLOY PRODUCTS 
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How General Electric's z@vSSczao motor gives you MORE THAN A MOTOR... 


TRIPLE-PROTECTED 
7TRI'35 LAD MOTORS 


ARE BUILT TO TAKE IT! 


General Electric Tri Clad ‘55’ motors are built to 
take it! Whatever your application requirements 
may be (long or short duty cycles . . . under ideal or 
adverse conditions . . . high or low temperatures) 
there’s a Tri Clad ‘55’ motor to meet them. 

The name “Tri Clad’ itself means ‘‘triple- 
protected’”’ against electrical failure, mechanical 
failure and physical damage. 


ELECTRICAL PROTECTION Mylar* insulation 
Formex** wire insulation system throughout pro- 
tects against electrical breakdown caused by effects 
of water, heat, or stresses. 


MECHANICAL PROTECTION-—Regreaseable ball 
bearings, long-lasting synthesized grease, and an 
oversize grease reservoir contribute to long bearing 
life, low maintenance. 


*Trademark of DuPont Co. **Registered Trademark of General Electric Co. 


PHYSICAL PROTECTION Rugged cast-iron stator 
frame and endshields offer protection against corro 
sion, rust, or physical shock. 

This extra ruggedness and durability found in 
General Electric Tri/Clad ‘55’ motors--the ability 
to ‘‘take it’’—pays off. It’s your assurance that 
you’re getting the best integral-hp motor that money 
can buy, a motor that will perform smoothly for 
years. It’s General Electric’s way of making your 
purchase truly more than a motor. Why not 
contact your local G-E Apparatus Sales Office? 
Or write Section 840-30, General Electric Co., 
Schenectady, New York. 


Other ‘‘More Than A Motor’’ Benefits of G-E 
Tri/Clad ‘55’ Motors: On-time Delivery e Expert 
Application Aid e Fast, Local Backup Service e 
Constant Design Innovation e Complete Line. 


GENERAL @@ ELECTRIC 


MYLAR slot and phase insulation 
assures long motor life, minimum 
maintenance. G-E motor insula- 
tion materials are non-hygroscopic. 


CAST-IRON FRAME and endshields provide 
rigidity; prevent motor from being twisted 
out of line. Integrally-cast ribbing along 
bottom adds extra strength to the motor. 


LONG-LIFE BEARING SYSTEM seals 
grease in, dirt out. Long-lasting grease 
in large reservoir increases bearing life, 
lengthens interval between regreasing. 





Give your products 


MORE RELIABILITY andi 


BETTER PERFORMANCE with 


—-, W 
HERMETICALLY SEALED 
CONSTANT VOLTAGE 

TRANSFORMERS. 


Accurate Regulations 
Fast Response 
Fully Automatic 


Meets Military 

Specifications 

No Tubes 

No Moving Parts 
‘ W/ 


MIL Type 


Here at last is a hermetically sealed magnetic 
voltage regulator that will provide constant 
output voltage regardless of line and/or load 
changes 


Commercial Type 


MAGNETIC AMPLIFIERS 


Hermetically Sealed To MIL 
Specifications 
No Tubes 
Direct Operation from Line Voltage 
Fast Response 
Long Life Trouble Free Operation 
Phase Reversible Output 

Power Gain 2 x 108 


ee 


Transistor Mag. Amp. Motor 
Preamp. MAF-5 
MAT-1 Wt. 18 oz. 


Wt. 10 oz. 


20 
INPUT VOL TAGE (MV 
(INPUT IMPEDANCE 
1.500 yim S 

«0 


t 
nstr 


Freed Transformer Co., Inc. 
199 Weirfield St.. Brooklyn (Ridgewood) 27, N.Y 
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INFINITE-RESOLUTION 
PRESSURE TRANSDUCER 


’otentiometric-output transducer is ca- 
pable of performance under high-g level 
environment to 50 g at 3 kc. Model 100 


eo oe 


is available for pressure ranges 0-15 to 
0-300 psi for corrosive and non-corrosive 
liquids and gases in a 
144 x 14 in. and weighing 6 oz 
White Avionics Corp., Terminal 
Rd., Plainview, L.L., N.Y. 
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configuration 
lly x 


or le ss 


SERVO-MOUNTING CLAMP 


Self-aligning steel clamp 
permits components with 
base flanges or grooves. Synclamps are 
available in eight with OD of 
0.390 When tightened, 
nylon insert is stripped, which allows 


stainless 
fastening of 


sizes 


max. screw is 


The more the 
the tighter the clamp 
seats. Clamp with screw removed is il- 
lustrated; inserted from far 
side. Timber-Top, Inc., 36 
\ve Freeport Oi, aS 
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clamp to align itself. 


screw is turned, 


screw Is 


EXTRUDED NYLON FILM 
Ny lon 


thicknesses 


offered in 
0.060 in. 
and in widths up to 18 in. Material is 
and vapor-resistant, 
a low coefficient of friction and a 
permeability factor. Extruded film 


sheet are 
0.002 to 


film and 


trom 
grease-, abrasion- 
has 


low 





Brooklyn 





NEW! 
HUES tL 


Tough, nylon body 
ME 
RR eee 


This new series of molded nylon 
knobs and dials offers fresh, modern 
styling along with the strength and 
insulation properties of a rugged, 
nylon body. For 4” shafts—ideal for 
laboratory and test instruments! 4 
types available: basic knob; pointer 
knob; dial knob 10-0/150°; and dial 
knob 10-0/270°. Ridged gripping 
surface for positive, comfortable 
‘feel’ — collet and _ nickel- plated 
locking screw designed for positive 
internal attachment. 


OTHER KNOBS AND DIALS — Johnson also 
manufactures a distinctive line of matching 
knobs and dials molded of tough, black phe- 
nolic to MIL-P-14 specifications. Metal dials 
and pointers are etched, satin aluminum, ano- 
dized finish—all knobs furnished with accu- 
rately centered brass inserts. Variations such 
as a, shaft sizes, scales, or indicators 
available in production quantities 


SHAFT COUPLINGS — Flexi- 
ble and rigid types for cou- 
pling V4" to V4"; V4” to Ye"; 
and 3” to 3%” shafts. 
FLEXIBLE SHAFTS — 3” and 
6” lengths for out of line or 
up to 90° angular control. 
PANEL BEARINGS—For use 
on Y%”" shafts and panels 
up to ¥” thick. 
MULTIPLE CRYSTAL SELEC- 
TOR — Accommodates up to 
10, type FT-243 crystals. 
CRYSTAL SOCKETS AND 
CERAMIC PLUG — For low 
capacity, high voltage and 
high temperature operation. 
Glazed steatite, Grade L-4 
or better, DC-200 impreg- 
nated. 
RF CHOKES — High qualit 
construction. For 1.7 to 30 
mc. range and VHF. 


re 


# 


Mow Calalog | 


Write today for our newest 
electronic components 

catalog — complete j 
specifications, engineering k 
prints and current prices on: 


MAJOR 
COMPONENT 
LINES 


Capacitors © Tube sockets © Connectors © Pilot 
lights © Insulators « Knobs, Dials ¢ Inductors « 
Hardware 


¥ E.F. JOHNSON CO. 
Se 2301 2nd Ave. S.W. * Waseca, Minn. 
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FOR NEW 
DESIGN 
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PRODUC) 


LIFE... 
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Sharon Stainless Steels excel in the 
things you need to make your 
appliance more attractive... more 
durable. Tolerance, drawing ability, 
dense smooth finish, you name it 

. .. Sharon stainless includes the best 
combination . . . manufactured to 
your exact need. 


Consider too, Sharonart*, Sharon’s 
exciting new rolled-in surface 
patterned steel— opening a new 
breadth of design flexibility for the 
appliance designer. Sharonart* 
made of stainless steel will reflect an 
infinite variety of color and texture 
combinations. Many beautiful 
patterns available. 


For the stainless you need to make 
your product even better—get in 
touch with your Sharon representative 
—or write us direct. Sharon Steel 
Corporation, Sharon, Pa. 


SHARON C44 STEEL 
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.»:Where it counts! 


Best proof of Dunco Type FC-6 reliability is the fact that 


these sturdy little relays are specially designed to play impor- 
tant parts in all of the missile programs illustrated above— 
and several more besides. 

Type FC-6 Relays are spotlessly clean. They have a new 
and outstandingly dependable contact material, and include 
unique design features that provide positive protection against 
extreme vibration and shock. 


STRUTHERS 


Makers of the world’s largest selection of relay types 
STRUTHERS-DUNN, Inc., Pitman, N. J. 


Sales Engineering Offices in: Atlanta + Boston + Buffalo + Chicago + Cincinnati + Cleveland + Dallas + Dayton + Detroit + Kansas 
City + Los Angeles + Montreal + New Orleans + New York + Pittsburgh + St. Louis + San Francisco + Seattle + Toronto 
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is available in unlimited lengths. 
United States Gasket Co., Camden 1, 
Biss 
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MOTOR-CONTROL SWITCH 


Drum switch for control of single- 
speed electric motors up to 2 hp fea- 
tures visible contacts, positive spring- 
action handle and screw terminals. 
Shipped as maintained-contact switch, 


it can be changed in field to momentary 
contact. Overall dimensions including 
handle are: 4°% in. high, 2 9/16 in. 
wide, 4°% in. deep. General Electric Co., 
Schenectady 5, N. Y. 
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TFE-FLUOROCARBON 
FILM TAPE 


Type 423 tape is a two-mil Teflon film 
with a pressure-sensitive adhesive. 
Tape can be used in electrical applica- 
tions for holding and insulating where 
180-deg-C tape is required; also for 
coil wrapping and conductor insula- 
tion for armature and field coils. Tape 
is readily printable with ordinary inks. 
Inter-liner provided to facilitate die- 
cutting into any desired shape. Per- 
macel, State Hwy 35, New Brunswick, 
Fe 
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SOLID-STATE POWER SUPPLY 


Regulated power supply, Model 
PS4023, operates at an input voltage 
of 105 to 125 volts at 57-63 or 380-420 
cps. It delivers 100 to 200 volts at up 
to 400 ma. Output voltage is selectable 
by six-step range switch, while a 
vernier potentiometer is provided for 
fine adjustment of output voltage. Reg- 
ulation performance, less than 0.03 per 
cent change in set output voltage for 
any combination of input voltage or 
load current conditions. Total ripple 
and noise, less than 2.5 millivolts rms. 
Recovery time with vernier set at low 


ELECTRICAL MANUFACTURING 











Ceramic Wafers for Micro-Modules 





Miniature Tube Envelopes 


Tube Envelopes 


Coors makes high strength ceramic envelopes to 
extremely close dimensional tolerances and in a wide 
range of sizes for use in modern electron tubes. Cer- 
tain of the Coors ceramic compositions were developed 
specifically to meet the rigorous operating conditions 
and reliability requirements to which high power, high 
frequency tubes are subjected. 

Illustrated here is one of the miniature ceramic 
envelopes in regular production. Coors regularly pro- 
duces many other sizes up to 10” O.D. Larger sizes can 
be manufactured. 

Coors ceramics have outstanding electrical and 
physical characteristics. These properties are not 
affected by high outgassing or high operating 
temperatures. 


At the IRE Show! 

Coors Beryllium Oxide Ceramic 

Coors is now in regular production of beryllium oxide 
ceramic. This new ceramic material has outstanding 
refractory and nuclear properties. It has better resist- 
ance to thermal shock than most other ceramic ma- 
terials and conducts heat better than other ceramic 
material. A good electrical insulator at elevated tem- 
peratures, these components are meeting the many ad- 
vanced needs of the electronic industry. See this Coors 


ceramic material at the IRE Show or write for new 


data. Booth 4005-6 










The hottest news in extreme miniaturization of 
electronic equipment is the micro-module—an amaz- 
ingly small combination of sub-miniature electronic 
circuit components. The fundamental unit of a micro- 
module is the high alumina ceramic base plate—a tiny 
ceramic wafer, approximately 0.300” square x 0.010” 
thick. Upon this is deposited or metalized a component 
of a circuit—a resistor, capacitor, transistor, diode, 
etc. The micro-module is a combination of several of 
these elements in a small space to serve a specific cir- 
cuit function—amplifier, oscillator, etc. 

Coors is manufacturing these precision wafers in 
large quantity production runs for several manufac- 
turers working on the same project. Coors holds all 
dimensions of the tiny ceramic wafer to extremely 
close tolerances so that the micro-elements produced 
from them are entirely interchangeable from manu- 
facturer to manufacturer . 
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Ceramic-to-Metal Standard Terminal Insulators 


Standard Terminal Insulators 


Coors furnishes standard terminal insulators— 
available from stock—in various ratings and, also, can 
manufacture custom made insulators to meet your 
specific requirements. In the range of standard sizes, 
metal parts are bonded to the ceramic by Coors High 
Temperature Metalizing Techniques, thus producing 
strong hermetic ceramic-to-metal seals. The result is 
standard terminal insulators available for a wide range 
of requirements—insulators that have superior elec- 
trical and mechanical characteristics. Production is on 
a large quantity basis— you do not pay a premium for 


~ high quality, precision terminals. 


(Coen 


COORS PORCELAIN 
COMPANY 


600 Ninth Street, Golden, Colorado 


DESIGN IDEAS 


Precision Is The Standard At Coors 
Micro-Module Wafers 










IF YOUR PRODUCTS HAVE TUBULAR PARTS 4 0 range is 20 millisee, while with 


vernier at high end, recovery time is 
150 millisec. Special circuitry prevents 


TH EN CONSIDER LOW-COST dneeae s mpuneane when the a 


put is shorted. Power Sources, Inc., 


ake | Burlington, Mass. 
C I FR \ ] FH i I Circle 522 on postcard at end of book 


laminated phenolic tubing 


DELAY LINES 


Delay lines have a ratio of rise time 
to total delay less than 0.02. Attenua- 


. . of - | tion can be minimized to less than 
lighter than aluminum ae y | 0.02 db per 10-microsec aden, Two or 
structurally strong 
moisture resistant 
in 7 Distinct Grades 


: more units of Series 10T can be con- 
Engineers are discovering that ae * nected in tandem for longer delay 
time-tested Clevelite has many ad- ; or . whenever their impedances are identi- 


t i duct hein Guuteaih cal; in this case, time delay will be 
vantages In products using tubular equal to sum of delay of each unit and 


parts, and at lower unit cost. These f. Wa the rise time approximately equal to 
advantages are proven daily on AP : AY square root of the sum of the squares 
the production line and in the field. : . ' of the rise time of each unit. Distor- 
tion, generally less than 2 per cent; 
accuracy of delays, less than + 1.5 per 
cent. Ad-Yu Electronics Lab., Inc., 240- 

259 Terhune Ave., Passaic, N. J. 
Circle 523 on postcard af end of book 


FHP MOTOR BRAKE 


Brake is suited for use in stopping over- 
travel on computer mechanisms. tape 
transports, turntables and mechanisms 
where positive stop is necessary. Brak- 
ing torque, 2 to 4 in.-lb for shafts up to 


TYPICAL APPLICATIONS FOR 2 : - : 3% in. Constant-duty solenoid, furnished 


CLEVELITE* 


Coil forms for radio and television 

sets...Insulators for electrical 

equipment...Bushings and spacers 

for small motors . . . Cores for trans- 

formers .. . Housings and barrels 

for toys... Bobbins, dyeing cores, 

etc., for the textile industry... PLUS rahe 

many other unique applications. in a-c only, is connected in parallel with 

coe | 


motor. Without load, motor is stopped 
in less than one-quarter revolution. 
Write for a copy of our descriptive brochure. Heavier springs and stronger solenoids 


*Reg. U. S. Pat. Off available for various applications. Mid- 
west Automatic Control Co., 510 Third 
St., Des Moines 9, Iowa. 
PLANTS & THE aroun Circle 524 on postcard at end of book 


Saceeune GLEVELAND CONTAINER 3. stuner-priven 


DETROIT PRESCOTT, ONT. 


CHICAGO SORA Ney CONTACTING COUNTERS 
eens; 6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


| Counter Series 110 and 1200 are in- 
PLYMOUTH, WISC. NEW YORK > é 2 
JAMESBURG, N.J. ABRASIVE DIVISION at CLEVELAND, OHIO wasnt | tended for telemetering shaft rotation 
: M AL oe ae 
ee REPRESENTATIVES: | and position. Series 1100 counters have 
NEW ENGLAND: R. S. PETTIGREW & CO. CHICAGO AREA: McFARLANE SALES CO desdual « an est | Gaeeien 
10 N. MAIN ST., W. HARTFORD, CONN, 5950 W. DIVISION ST., CHICAGO fee trical contacts which correspond 
NEW YORK AREA: MURRAY SALES CO. WEST COAST: COCHRANE ELECTRONIC SALES CO | with each number on each wheel. Con- 
604 CENTRAL AVE., EAST ORANGE, N. J 544 S. MARIPOSA AVE., LOS ANGELES tities cisatinn tu TAN enttee ain fax 


PHILADELPHIA: MIDLANTIC SALES CO CANADA: PAISLEY PRODUCTS CO. LTD . “ F ; 
9 E. ATHENS AVE., ARDMORE, PA 36 UPTON RD., SCARBOROUGH, ONT nished with precision resistors mount- 
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Readout Counter used 
in Tape Preparation for 
Machine Tool Control 


A Veeder-Root Series 1538 Remote Data Readout Counter 
provides tape feed control for the motorized tape punching 
unit of the new Potter & Johnston Tape Control System. 
The tape punch is used to program machine functions on 
P & J Automatic Turret Lathes. The counter automatically 
controls the amount of tape feed required for each turret 
face involved, and stops the tape at preselected address 
points. When the correct address point is reached, a com- 
bination of holes representing the machine command is 
punched into the tape. Counter is automatically reset for 
each turret face. 


POSITION 


Servo Repeaters 
Drive Counters 


to Indicate 
Lineal Motion” 


One of the ways to take 
advantage of digital read- 
out for indicating and 
recording information at remote points is through servo 
repeaters. Applications in aircraft, for altimeters, naviga- 
tional displays and similar instrumentation, suggest many 
other opportunities to use counters for more positive indi- 
cation and control. A typical “‘system”’ is shown here where 
a counter is used for indicating nuclear reactor rod posi- 
tion. The servo repeater and counter actually form one 
packaged unit, and the 
whole device can be pot- 
ted for environmental pro- 
tection. When used to 
drive counters, the servo 
gear ratio is best selected 
to provide full scale 
travel of the counter . 
for one revolution 
of the control 
transformer 
shaft. 


Se ee ee 


—_ 
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Typical servo repeater/counter device \\ Output shaft 
that converts synchro data to digital readout. to counter 


Let Veeder-Root help you make Counters do more! 
Extensive design experience and precision production tech- 
niques make it possible for Veeder-Root to help you solve 
a wide variety of digital, readout, control and recording 
problems with counters —— from the simplest ratchet to 
advanced readout and navigational devices. Send for in- 
formation on specific applications or contact your local 
Veeder-Root Counting Engineer. 


“Reprinted from CONTROL ENGINEERING June 1959. Copyright© 1959 by McGraw-Hill Pub. Co. 
Inc. All rights reserved 


Veeder-Root Readout Device 
.This is the basic series of Remote Data Readout 
Counters. Some are available for standard applica- 
tions, or design variations will be submitted based 
on requirements. They function basically as analog 
to digital converters. 


Series 1538/electrical reset/ » 
electrically actuated. Speed 
1000 cpm, 3 or 5 figure 


Series 1538/electrically actuated/ 
manual reset. Speed 
1000 cpm, 3 or 5 figure 


Series 1606/mechanically actuated a 
reset standard; bi-directional 

(non-reset) available. Speed 

5000 cpm, up to 5 figures 


& > 
ae BBS ND Alles 


Veeder-Root 


HARTFORD 2, CONNECTICUT 


‘The Name that Counts” 


New York « Chicago « Los Angeles « San Francisco * Seattle 
St. Lovis * Greenville, S$. C. * Altoona, Pa. * Montreal 


Offices and Agents in other principal cities 
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MORE POWER... 


GREATER EFFICIENCY... 
HIGHER POWER FACTOR! 


BALDOR 


Strearmcooled 


MOTORS 


For general use or for specific ap- 
plications demanding the most 
exacting requrements, the Baltric 
line of motors more than fills the 
bill. One reason is the “‘Monocast’’ Stator shown above. 


Steel laminations in an aluminum alloy casting form a stator 
frame of greater stability ... greater rigidity. This permits 
the use of a new and better slot design. The result is uniform 
magnetic flux distribution throughout the motor—gives more 
power, greater efficiency, higher power factor and quieter 
operation. 


If you’re interested in getting top efficiency from your equip- 
ment while holding costs to a minimum, investigate the 
Baltric line of motors—without obligation! Just write... 


ELECTRIC COMPANY 


4353 Duncan Avenue e St. Louis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S.A. 


District Offices: Atlanta » Chicago » Cleveland « Dallas « Dayton » Des Moines « Detroit Litchfield, Conn. 
Los Angeles « Milwaukee « Minneapolis « New Orleans « New York « Kansas City, Mo 
Oakland « Philadelphia « Portland, Ore. « Syracuse 
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ed between contacts to form stepped 
potentiometer or voltage-dividing net- 
work, with resistance ratios directly 
proportional to visual indication. 
Counters available with either 3, 4, 01 
5 wheels, each indexed from 0 to 9. 
External reset wheel can be provided. 
Counter rating is 600 rpm continuous 
for 10 million revolutions. Pulse volt- 
age duration and dwell between pulses. 
33. millesec min. Photocon Research 
Products, 421 No. Altadena Dr., Pasa- 
dena, Calif. 

Circle 525 on postcard at end of book 


INFINITE-RESOLUTION 
MAGNETOSTRICTIVE 
DELAY LINE 


Variable magnetostrictive delay line 
with delays ranging from 2 to 20 psec 
and featuring infinite resolution is des- 
ignated Model VM-1020. It accepts 


input pulse voltages of 5 volts peak 
and input pulse widths of 1 +0.2 micro- 
sec. Output pulse voltage is in the order 
of 10 millivolts. Spurious response, 17 
db down. Input and output impedance, 
700 ohms. Line has been manufactured 
to conform to all applicable MIL Specs. 
Control Electronics Co., Inc., 10 Stepar 
Place, Huntington Sta., L. I., N. Y. 
Circle 526 on postcard at end of book 


PRINTED-CIRCUIT RELAYS 


Relay consists of assembly which 
permits single or multiple installation 
of mercury-wetted contact relays on a 
printed-circuit board. Individual switch 
capsules and coils are affixed to print- 
ed-circuit board and sealed by appli- 
cation of vinyl coating. Customers’ 
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Fectronic Poducts MEWS 


by CARBORUNDUM 


Registered Trade Mark 


GLOBAR® Silicon Carbide Varistors create 
unique percussive effects in electronic organ 


In the well known Thomas electronic 
organ, GLOBAR silicon carbide varis- 
tors perform a function as balanced 
modulators to produce instrumental 
percussive effects. 

Clearly seen in the photo above, 
GLOBAR varistors are non-linear, 
voltage-sensitive resistors with the 
advantages of extreme ruggedness, 
small size and excellent performance 
characteristics. They are widely 


employed for reducing arcing at 
relay contacts, suppression of RF 
interference, limiting voltage surges, 
back-voltage protection for diodes 
and transistors, and stabilization of 
rectifier circuits. 

For types, ratings and other 
catalog data, write Globar Plant, 
Refractories Div., Dept. EMV-30, 
The Carborundum Co., Niagara 
Falls, New York. 
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Motorola protects radio tube dilumente 
with GLOBAR’ Thermistors 


Y Lae 
o~ * 
3 


50C5 


; 3504 [RECTIFIER 


630644468-0 


po 12BA6 12BE6 12AV6 
fo; Aca SF 3eae 4 yey vac 3 Ti aic7 vacg > aL! 
A - 


COLD 2752 
HOT 48 


Motorola, Inc., protects the tube fila- 
ments of its table and clock radios, 
except for the low cost leader mod- 
els, in a simple, inexpensive way. A 
GLOBAR silicon carbide thermistor 
is used in series with the tube fila- 
ment string. Its negative tempera- 
ture coefficient is utilized to limit 
the initial voltage surge during 
warm-up. Motorola expects tube life 


& OD es 
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to be prolonged up to ten times. 

GLOBAR thermistors find many 
other applications where surge pro- 
tection, time-delay operation, or tem- 
perature sensing and control are 
required. There is a wide range of 
sizes and ratings. Write: Globar 
Plant, Refractories Div., Dept. 
EMT-30, The Carborundum Co., 
Niagara Falls, N. Y. 
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For ceramic parts a metallized assemblies, Kovar alloy, ne, resistors, varistors and thermistors . 


Vacuum-Tight High Voltage 
Connector poses ceramic- 
to-metal sealing problem 


A , 


The connector shown above is designed 
to meet severe space limitations which 
necessitate maximum voltage protec- 
tion with a minimum of ceramic insu- 
lation. 

The 1552 alumina insulator has a 
metallized coating for corona protec- 
tion. The housing is heavy stainless 
steel. 

Making the insulator to the required 
close dimensional] tolerances, accurately 
centering the electrode in the housing, 
and then providing a vacuum-tight 
seal, were some of the problems Carbo- 
rundum had to solve. To add to the dif- 
ficulties, the center electrode had to be 
a special high conductivity material to 
provide sufficient current capacity. 

Ingenious methods had to be worked 
out to seal this high expansion material 
to the ceramic. The complete assembly 
is hydrostatically tested for vacuum 
tightness, and withstands an electrical 
test of 30,000 volts. For help on your 
sealing problems, write Latrobe Plant, 
Refractories Div., Dept. EMS-30, 
Carborundum Co., Latrobe, Pa. 
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LATEST INFORMATION ON 
KOVAR® ALLOY 


Kovar is the standard 

; > matched-expansion 
@ alloy for critical glass- 
* to-metal sealing prob- 
lems. A comprehen- 

® sive bulletin gives 
‘ technical data and 
information on avail- 
able forms, shapes and sizes. Write 
Latrobe Plant, Refractories Div., Dept. 
EMK-30, Carborundum Co., Latrobe, Pa. 


° 
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CABLE-bility! 


OVER 70 APPROVALS 
to MIL-C-17B 


AMPHENOL Cable & Wire Division leads the entire 

industry in qualification approvals of RG-/U coaxial 

cables to MIL-C-17B. Now, this is not important unless 

you re an engineer on a demanding project or a purchasing 
agent up against multiple-sources trouble. Single-source 

is a real advantage if you are. From AMPHENOL Cable 

& Wire Division you may count on fast delivery from 

stock of approved MIL-C-17B USAF and Navy 

specification cables. In addition, many cables manufactured 
to JAN-C-I7A are also available from stock. Over 140 RG-/U 


cables are available in all. 


Behind this wide availability stands unrivalled engineering 
talent to provide assistance in problem areas where presently 
available cables are not the answer. In standards or in 
specials, AMPHENOL Cable & Wire Cable-bility 
can help you! 


A new edition of the authoritative 
AMPHENOL cable catalog is now being 
prepared. May we add your name to 
our distribution list? 


CABLE & WIRE DIVISION 


S. HARLEM AVE. at 63rd ST., CHICAGO 38 
AMPHENOL-BORG ELECTRONICS CORPORATION 
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printed-circuit boards may be adapted 
to include either standard Clare HG 
mercury-wetted contact relay, or high 
speed HGS, as well as other selected 
components. C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45, Ill. 

Circle 527 on postcard at end of book 


SOLID-STATE 
SERVO AMPLIFIER 


Amplifier is 1 x 1 x 1% in. high and 
will drive 2-watt or 3.5-watt servo 
motors from low-level 400 cps signals. 
Maximum gain is 2500 and may be 
adjusted by external resistor. Gain 
stability is 3 db over ambients to 125 


C. Output impedance, 50 ohms. Internal 
limiting prevents overdrive or phase 
shift for high input signals. Operates 
on 28 volts d-c. Potted amplifier will 
operate under MIL-E-5272A environ- 
mental conditions. Control Technology 
Co., 1186 Broadway, New York 1, N. Y. 

Circle 528 on postcard at end of book 


A-C POTENTIOMETER 

Gear coupling to Series 2 “Vernistat” 
precision a-c potentiometer may be ob- 
tained with special shaft flange versions. 
Main feature of special units is preci 
sion shaft coupling to obtain maximum 
mechanical accuracy in coupling com- 
ponent to other elements in system. 
Characteristics of Series-2 devices with 
size-18 housing include linearities from 
+0.05 per cent; output impedances 
from 45 to 470 ohms; input impedances 
from 65,000 to 200,000 ohms; and low 
phase shift. Ten-turn potentiometer 
operates on 130 volts at nominal 400- 
cycle input. “Vernistat” is combination 


A 
esti t ety 


k 1 24- 4 
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It can if it’s made by ssa —be- 
cause all St bearings, both 
ball and roller, offer special quali- 
ties at “production” bearing 
prices. 


Take the single-row deep-groove 
ball bearing featured here, as an 
example. 88 designs and builds 
this type to sustain heavy radial 
load and thrust load in either di- 
rection. Furthermore, it is engi- 
neered to run smoothly and 
quietly at normal speeds with 
grease lubrication—and at high 
speeds with oil. 


Can a standard bearing Yet this is a standard Sts ball 


bearing, mass-produced by auto- 
mated production equipment at 


offer you “more bearing” our plant at Altoona, Pa. You 


can quickly get this bearing in 
over 100 sizes, ranging from 54” 

for your money ? to 15.748” O.D., and in a variety 
of seal, shield and snap-ring 
combinations. 


But why not find out what Sir 
offers in bearing quality, availa- 
bility and economy? Just call the 
Sos" branch office nearest you. 


: Angular oe 6001 
: : Contact Bearing .- . 


Ds nail 


Tyson* Tapered 
Roller Bearing 


Cylindrical ie 
Roller Bearing -: 


Spherical Roller 
Thrust Bearing 


Spherical 
Roller Bearing 


EVERY TYPE-EVERY USE 


okF., 


se PA 
Spherical, Cylindrical, Ball,"Wypen Tapered end REED Miniature Bearings SEF INDUSTRIES ING. PHILADELPHIA 
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5 Ways 


SILICONE RUBBER 


Better... 


GREATLY 
ENLARGED 


end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits krotting, 
bending and twist- 
ing to meet extremes 
of temperature 
while retaining its 
dielectric strength. 


Tubing and Sleeving 


WON'T CRACK, PEEL 


OR CRAZE 


GREATER FLEXIBILITY 


Soe 


@ 


a... panned epipraerasone=t 


HIGH DIELECTRIC 


LONG LIFE CUTS 


REPLACEMENT COSTS ~~’ 


VIVID COLORS FOR 


DVDs’ 


> 
READY IDENTIFICATION ~~ 7—~ 


THERMAL PROPERTIES: 


Heat aging: 1000 hrs. at 250° C 
without appreciable change in 
physical or dielectric properties. 


FLAMMABILITY: 
Self-extinguishing, when tested 
in accordance with ASTM and 
NEMA procedures. (NEMA Ac- 
ceptance Test). 


ABRASION RESISTANCE: 


Durable and extra tough. With- 
stands unusual rough handling 
at all times 


CHEMICAL INERTNESS: 

Has good resistance to all oils, 
alcohols, dilute acids and alka- 
lis. Fine water resistant qualities. 


FLEXIBILITY: 


Unaffected throughout life of 
Tubing. Stays flexible from 
minus 90° F. to plus 600° F. 


FUNGUS RESISTANCE: 


Inert. No fungus growth was 
visible at 40 x magnification 
after 28 days incubation under 
“ideal” surroundings. we 


Twist, bend, wrap or knot it and this tubing remains 
pliable and efficient, even under the most severe 
operating conditions. Send for free samples today. 


| 
| 
| 
| 
| 
J 


VARFLEX SALES CO., INC. 
309 N. Jay St., Rome, N.Y. 


Please send me sample with Bulletin and Prices. 


SALES CO., INC. 


Lusulation 


SPECIALISTS 


Nome 
Title. 


Company 
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| 


of tapped autotransformer and _preci- 
sion interpolating resistance element. 
Vernistat Div. of Perkin-Elmer Corp., 
Norwalk, Conn. 

Circle 529 on postcard at end of book 


QUICK-OPERATING 
FASTENERS 


Quarter-turn Lion have a 
receptacle which measures 0.812 by 
0.375 in. overall thickness of 
0.012 in. Retainer and stud 
respondingly 


OY 


ie > 


fasteners 


and a 
are cor- 


proportioned. Six stud 


fe 
lengths accommodate total material 
thickness (both of 0.040 in. 
min to 0.159 in. max. Fastener mate- 
rial is cadmium-plated steel. Grip range 
is 0.020 in. in each stud length. Re- 
quires one-quarter turn to open, one- 


sheets) 


quarter turn to close and tolerates mis- 
alignment. Southco Div., South Chester 
Corp., Lester, Pa. 

Circle 530 on postcard at end of book 


FREQUENCY AND 
PULSE-RATE TRANSDUCER 
Self-contained Magacycler transducer is 
capable of operation with input signals 
of as low as 0.1 microwatt. Model TA 
uses only static elements to produce d-c 
output voltage or current which is di- 
rectly proportional to input frequency. 
Full-range linearity of +0.5 per cent 


and temperature sensitivity of 100 
ppm/deg C are guaranteed for stand- 
ard units, while Red Line Magacyclers 
offer linearities of better than +0.1 per 
cent and temperature sensitivity of less 
than 50 ppm. Maximum frequency 
under which full output is obtainable 
can be adjusted over four-to-one fre- 
quency range. Seven models offer full- 
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NEW RELIABILITY! 


YNAMATI( 


MAGNETIC AMPLIFIER 


(TRANSISTORIZED) 


CONTROL SYSTEMS 


for Eddy-Current Rotating Equipment 


YNAMATIC Transistorized Magnetic Amplifier Con- 
D trol Systems are based on a new principle using 
rugged electrical components designed to provide many 
times the life of components used in electronic speed 
control systems, Transistors, reactors, and silicon recti- 
fiers take the place of vacuum tubes; there are no wear- 
ing parts to require maintenance, adjustment, or replace- 
ment. These transistorized controls are ideal for installa- 
tion in remote areas and for unattended operation, 

Used in combination with Dynamatic Eddy-Current 
Drives, Transistorized Magnetic Amplifier Controls 
provide infinite speed adjustment and accurate control 


Actual size of the 
transistors in Dyna- 
matic Magnetic Ampli- 
fier Control Systems. 


) 


1. Dynamatic Eddy-Current Drive. 
2. Transistorized Magnetic Amplifier Control. 
3. Operator's Control Station. 


for almost any application from five through 10,000 
horsepower. Three essential components—drive, push- 
button station, and magnetic amplifier control—make 
up the Dynamatic Drive Package, which operates on 
alternating current. Standard control features include 
constant speed regulation, infinite speed adjustment, 
on-off clutch control, and jogging. Special features may 
be easily added to standard controls to meet the require- 
ments of individual applications. 

Dynamatic Transistorized Magnetic Amplifier Control 
Systems provide a high degree of accuracy and versa- 
tility—and are practically maintenance-free. 


Send for New Illustrated Bulletin Describing Circuitry, Construction, and Operation. 
® 


EATO 
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DYNAMATIC DIVISION 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE © 


KENOSHA, WISCONSIN 


Circle 285 on Inquiry Card 275 





TV show 
eR USa el aoe 


Adlake! 


The set of a pop- 

ular TV show went 

dim recently, as an 

overload was ap- 

plied to substand- 

ard relays. These were 

promptly replaced by AD- eats 
LAKE 1101 SERIES RELAYS open) 
which keep lights burning 

brightly in spite of occa- 

sional heavy overloads...sustain up to 
double their rated capacity for short pe- 
riods with good results time after time. 


MAIL COUPON 
FOR CATALOG 
OF MERCURY 
DISPLACEMENT 
RELAYS 


dlake 


[<2 oe a 


The Adams & Westiake Company, Dept. K -8203 
Relay Division, 
Eikhart, indiana 


name 
company ae 
address” 


city & state 
RE RNR 


276 Circle 286 on Inquiry Card 


scale frequencies of 3 cps to 12,000 cps 
with higher frequencies available. In- 
put impedence, 2000 ohms nominal; 
input voltage range, 10 millivolts to 
5 volts rms. Standard outputs are 0 to 
5 volts filtered, 0 to 200 wamp filtered 
and 0 to 1 ma unfiltered. Transducer 
contains high-gain transistor amplifier, 
frequency-detecting circuit, range- and 
attenuator and 
output-filter circuit. All models assem- 
bled in MIL-T-27 can. Pioneer Mag- 
netics, Inc., 5858 Wilshire Blvd., Los 
Angeles 36, Calif. 
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MANUAL POWER SWITCH 


Manual power switch, with breaker 
contacts electrically 


calibration-adjusting 


isolated, can be 
electrically tripped by power from a re- 
motely located control or safety device. 
A limit control, timer, malfunction de- 
tector, or overload condition in one 
circuit can cause tripping in another, 


he 


inter-locked, control circuit. Combina- 
tion power-switch control interlock has 
an interrupting capacity of 2000 amp 
at 125 volts a-c. It is available with 
either current- or voltage-sensing coil. 
Heinemann Electric Co., 794 Plum St., 
Trenton 2, N. J. 
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LINEAR AND 
ANGLE ENCODERS 


Data 
sliders, rotors and stators are used for 
machine-tool and other 
tems for both linear and angular posi- 
tioning. metal-base en- 
coders provide means for direct meas- 
control of mechanical 
movements to accuracies of 40 microin. 


elements consisting of scales, 


control sys- 
“Inductosyn” 
urement and 


in linear and one second of are in 
angle. Conductor patterns of scales 
and sliders are metallic copper 0.002 
in. thick, secured to a metal base by 
insulating 0.0025 in. 
thick. Bases are of various metals to 
match thermal expansion of metal of 
machine to which encoder is mounted. 
Metal-base rotary Inductosyns are sup- 
plied in metals such as aluminum, iron, 
steel, titanium and others. When base 
metal is iron, transformation ratio is 


bonding layer 








SPECTROL PRECISION MECHANISMS 


Kerosene, 
Jets & 
Fuel Flow 


pectrol developed its newest PRECI- 
SION MECHANISM-A Pulse Total- 
izer—for an airborne system which meas- 
ures fuel flow with particular accuracy. 
But this carefully-designed electromechan- 
ical counter has many uses. You can apply 
it to any sort of pulse counting scheme, 
airborne or ground, where electrical out- 
put is required. 
The Totalizer features 5 decade switches, 
each having a string of precision resistors 
to give electrical readout. It also has a 
built-in amplifier which makes the input 
interesting—20 volts into 10K impedance. 
Operating from dc power, the unit will 
count up to 15 counts per second. There’s 
a manual reset and, as you can see, visual 
readout. 


How It’s Used. The Pulse Totalizer is part 
of a fuel measuring system aboard a jet 
airliner. A flowmeter acts as a transducer, 
and an amplifier delivers pulses propor- 
tional to the number of gallons to the 
Pulse Totalizer. The output from the Total- 
izer is delivered to multi-channel recorders 
as an indication of how much fuel was con- 
sumed per unit time. The visual readout 
feature of the Totalizer also permits its use 
on a photo panel aboard the aircraft for 
studies of fuel flow rate and total con- 
sumption. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the sys- 
tems engineer from building functional 
subassemblies. If you need modules using 
components such as gear drives, clutches, 
precision potentiometers and servomotors 
—Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 17-3 
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ELECTRONICS CORPORATION 
1704 South Del Mar Ave. * San Gabriel, Calif. 
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You get an extra measure of design freedom with 
.»» POWDERED PERMALLOY FILTOROID® CORES* 


The high permeability and low core loss of pow- 
dered permalloy Filtoroid cores can remove design 
roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and fiux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in- 
ductance is tightly controlled. 


There’s extra design flexibility for you, too, in 


the broad range of Filtoroid cores available. 
They’re made in three standard permeabilities— 
150, 125 and 60—in sizes up to 1.570” O.D., all 
carried in stock for immediate shipment. 


Our engineers are ready right now to help you 
select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-1. 


*MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COMPANY 


AGNETIC 
@) ETALS 


transformer laminations « motor laminations + tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


MAGNETIC METALS COMPANY * Hayes Avenue at 21st Street, Camden 1, N. J. 
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POLYVAR.......... 


SOLDERS WITHOUT INSULATION REMOVAL! 


POLYVAR—the Acme trade name for 
polyurethane enamel—introduces a mag- 
net wire that solders directly without insu- 
lation removal! This improvement greatly 
reduces processing time as well as lead 
breakage. 


POLYVAR has properties fully equal to 
those of Formvar for wire insulation, plus 
easy solderability, greater thermal stability 
and lower moisture absorption. 


In AWG sizes 15 through 40. May we send 
you complete details on Acme POLY VAR? 
If convenient, please describe your need. 


THE ACME WIRE COMPANY 
NEW HAVEN, CONN. on 
hs 


MAGNET WIRE @ COILS © VARNISHED INSULATIONS ; Ss 
” UVE SETTER 
“Cora” 


INSULATING VARNISHES AND COMPOUNDS 


“ SCCHESSESCHOTCSSSBPESOOOSHSOECEOHEOSESHERHESESSESEBOE BION 
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No other terminal block — sectional or one-piece 
gives you all the advantages of 


Be se 


ed 
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NO WASTE CIRCUITS—Reduce material costs, save space. Supplied assembled in 
20 snap-fit section lengths. Pull off or add groups for any length block. 
SMALLER INVENTORY—Only 2 different parts (contact and end sections). No 
running out of needed items. 

MORE CIRCUITS IN AVAILABLE SPACE—Increase contact capacity, decrease jump- 
ering. Group common wires (equivalent to 1 #22 thru 1 #8) in tubular contacts. 
Contacts on %¢” centers. 10 circuits 4%6”, plus 2%2” for each complete block. 
NO TERMINALS OR LUGS—Eliminate lugging costs. Tubular contacts provide 
secure, efficient connections. 

NO HIDDEN CIRCUIT MARKINGS—Unobscured top marking area minimizes errors. 
Integral or separable strips. 

QUICKER TO INSTALL AND CHANGE—Hand assembled, no fixtures or hardware. 
Mount only every 12 sections. Add circuits without removing mounting screws, 


LOW INSTALLED COST—Competitive with conventional blocks of similar rating. 
Separate Sections or Factory-Assembied Blocks Tubular contacts fully ap- 


Fiat Base or Channel Mounting » Tubular or Strap-Screw Contacts 4) 
Fanning Strips » Conservative 750-volt A.1.E.€. rating U)) i) proved by U.L. Blocks fully 
approved for 600 V by C.S.A. 
Write for Bulletin M-3 


Booth 2341 Su 


I. R. E. Show 
® New York-Mar. 21-24 


ELECTRICAL PROOUCTS CORPORATION 


HILLSIDE NEW JERSEY 
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increased by factor of 6 over that of 
glass-base encoders. Farrand Controls, 
Inc., 4401 Bronx Blvd., New York 70, 
N. 
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PRECISION BALL BEARINGS 


Load capacities said to be from 19 to 
55 per cent greater than equivalent size 
Conrad-type bearings. an average of 
20 per cent less radial deflection, and 
from two to six more balls per bearing 


2006 


than equivalent Conrad bearings are 
Model HDR radial ball 


Symmetrical raceways with 


features of 
bearings. 
no loading slots permit HDR bearings 
to carry thrust loads from either direc- 
tion. Offered in ABEC-3 and ABEC-5 
precision grades, bearings are made in 
extremely light, extra light, light, and 
medium series, in metric sizes up to 
85 mm OD. Standard material for 
rings and balls is 52100 steel. Four 
ranges of internal clearance. Split Ball- 
bearing Div., MPB, Inc., Lebanon, N. H. 
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FIVE-WIRE CONNECTOR 

Five-wire devices are designed for four- 
wire applications requiring an addi- 
tional equipment ground. Rated 30 amp 
at 600 volts a-c and 20 amp at 250 volts 
d-c, the units include a male and fe- 





housing, 


metal 
and an armored cap and body. Spring- 


male receptacle with 


action, dead-front safety shutter con- 
fines arcing and keeps out foreign parti- 
cles. Harvey Hubbell, Inc., Bridgeport. 
Conn. 
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MOTOR-DRIVEN 


COMMUTATORS 
Illustrated Model MG 215 is an 18- 
segment commutator designed to be 


driven to a minimum life of 30 million 
revolutions at a rate of 1000 rpm by 
the 50-volt d-c motor and gear as- 
sembly. Speeds are available from 100 
rpm to 3000 rpm with a-c or d-c motors. 

(Continued on page 280) 
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Announcing 
IBM’s newest, 
most powerful 

business 


computer... 


NEW IBM 7080 


NEW 


2.18 millionths of a second operating cycle 


NEW 


1.09 millionths of a second communication cycle 


NEW 


automatic overlapping of multiple operations 


PLUS 


compatibility with all IBM 705 Systems 


1BM 7080 DATA PROCESSING SYSTEM BRINGS WITH 
1T THE WHOLE LIBRARY OF 705 APPLIED PROGRAMS 


transistorized data processing system 


A business system with new speed and power, the transistorized IBM 
7080 processes IBM 705 programs up to ten times faster. 

This fully transistorized 7080 System offers a choice of 40,000, 
80,000 or 160,000 characters of magnetic core storage. 

Whether purchased or leased this transistorized system will mean re- 
duced data processing job costs. 


For manufacturing—one system to do: 
Scientific research 

Design calculation 

Production Simulation 

Forecasting 

Materials Planning 


Plant Scheduling 
Work-in-Process Control 
Operations Evaluation . 


balanced data processing 
1S 


Balanced Data Processing means 1BM Services as well as machines— 
a continuing responsibility of 18M to its customers. 
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SPEEDS OF LESS 
THAN 50 R.P.M. 
CAN.NOW BE 
ACCURATELY 

DETECTED WITH 

NEW 
DIFFERENTIAL 
DEVICE 
DEVELOPED BY 


TORQ 


- - « detects 1 to 4 different 
speeds (high and low limits, or 
single limit on each circuit ). De- 
signed for low speed applications 
of less than 100 rpm. Inquire 
about SYNPROTEX DIFFER- 
ENTIAL unit for low speeds... 
or standard SYNPROTEX speed 
detectors for speeds from 100 
to more than 15,000 rpm. 


TORQ 


ENGINEERED PRODUCTS, INC. 


34 W. Monroe Street © Bedford, Ohio 
Phone: BE 2-4100 


76 
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Units are available from 5-segment | 
commutator in 7% in. diam to 50- | 
| segment commutator in 5 in. diam. | 
Any number of gangs may be mounted | 
| and film potentiometer may be indi- 
| cated as part of a gang. Computer 
| Instruments Corp., 92 Madison Ave.. 
| Hempstead, L.I., N.Y. 
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PHOTOCONDUCTIVE CELLS 


Cadmium sulfide and cadmium selenide 
photoconductive cells Series 600 are 


| glass-enclosed and hermetically sealed. 


Depending upon photo-conductive ma- 


terial, characteristics of 1-in. long | 
cells are: peak response of 5150 to | 
| 7350 A; average light resistance at | 


2 ft-candles incandescent, 30 k to | 


megohm; time constant is 4 to 35 milli- | 


sec build-up time to 63.2 per cent ol 


final value at 10 ft-candles. Clairex | 
| Corp., 19 W. 26 St., New York 10, N.Y. | 
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CAPTIVE WASHER NUT 


Kaylock H19320 is a captive washer nut. 
Both nut and integrated, free-turning 
washer together weigh 14 to 14 as much 
as style AN365, NAS679 and MS20365 
fasteners of identical size without 
washers. Service temperature of H19320 
is 800 F. Kaylock H19343 is made for 
500 F service. Both fasteners meet 
MIL-N-25027 requirements. Thread 


STRAITS 
TIN 
REPORT = 


in the production | 


and uses of tin 
BUREAU 


Automatically soldered 
printed circuits are substituted for a 
maze of wires and relays in the in- 
strument panel of the 1960 Mercury. 
This is another example of the use of 
tin-lead solder to help reduce elec- 
trical failure and simplify service. 


Tin cuts bacteria 80% on 
hospital floors—according to Colum- 
bia University research on the organo- 
tin compound tributyltin oxide (TB- 
TO). Certain other compounds from 
nontoxic tin salts can become power- 
ful biocidals, rivaling DDT as insecti- 
cides. Tanners use them as disinfect- 
ants; paper mills as slimicides and 
antimold-growth agents in water 


systems. 


Tin replaces chromium as 
a coating for trumpet valves and 


trombone slides. The antifriction alloy 
of tin and nickel has a high degree of 
lubricity, reduces excessive wear. 


Architects are rediscovering the 
tin roof .. . century-old terne roofing 
is making a comeback as an econom- 
ical, corrosion-resistant and fireproof 
covering. Terne, tinplated steel sheets, 
offers permanent protection. Lighter 
than other metal roofing, it ends need 
for special load-bearing substructures. 
Tensile strength is high; no cracking 
or creeping with climate changes. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses 


The Malayan Tin Bureau 
Dept. 14C, 2000 K Street, N.W., Washington 6, D.C. 
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Pressure cover design simplified. Two axially assembled Truarc Series 
5002 beveled rings eliminate 27 bolts, reduce machining and assembly time from 
78 to 1144 hours and make possible drastic size and weight reductions. Rings 
retain two covers of a pressurized x-ray unit. Savings: about $500 per unit. 


Parts eliminated in slide as- 
sembly. Two radially assembled 
Truarc Series 5139 Prong-Lock® Rings 
provide proper spring tension, eliminate 
looseness and wobble in this office cal- 
culator shift-slide. Original design called 
for a cut washer, spring washer, and 
cotter pin — all eliminated. 


New way to install electron- 
tube sockets. Easy-to-apply Truarc 
Series 5101 bowed external rings lock 
tube sockets to chassis plate in this 
assembly. Bowed construction takes up 
tolerances of molded grooves, thickness 
of base. Individual sockets are remov- 
able for field service. 


Truarc rings for 
end-play take-up 
offer significant 
design advantages 


A number of Truarce retaining rings are available to 
take up end-play or loose fit caused by accumulated 
tolerances and wear. The rings often eliminate spring 
washers, collars and set screws, nuts, bolts, rivets, 
cotter pins and other conventional fastening devices 
with outstanding cost savings in machining and 
assembly time. 

Truarc retaining rings designed to deal with the 
end-play problem are of two general types: bowed 
rings for resilient end-play take-up and beveled rings 
for rigid end-play take-up. 

Bowed retaining rings are widely used for pre- 
loading bearings, preventing vibration or oscillation 
in linkages, providing tension on adjusting screws. 
Of particular interest is the radially installed Truarc 
Prong-Lock® ring which locks securely to the shaft 
by means of two prongs. It provides exceptional 
thrust load capacity, may be used as a shoulder 
against rotating parts, and often eliminates springs, 
bowed washers and other tensioning devices. 

In beveled rings for rigid end-play take-up, the 
groove-engaging edge is beveled at 15°. There is a 
corresponding bevel on the load-bearing groove wall. 
To take up end-play, the ring acts as a wedge be- 
tween the outer groove wall and the part being re- 
tained. J 

These are just a few of the 50 functionally dif- 
ferent types of Truarc retaining rings. They come in 
up to 97 standard sizes, six metal specifications, 
13 different finishes. The entire line as well as ac- 
cessory assembly tools, grooving tools, and over 
70 typical applications are shown in the new catalog 
RR 10-58. Write for your copy today. And remember 
Waldes Truarc engineers are always ready to work 
with you on your specific projects. Waldes Kohinoor, 
Inc., 47-16 Austel Place, Long Island City 1, N.Y. 


©1959 WALDES KOHINOOR, INC. 9.12. 


WALDES 


Quarter-turn clamp improved. A bowed washer and two locknuts were 
eliminated in this quarter-turn jig-and-fixture clamp by a Truarc Series 5131 bowed 
E-ring. The radially assembled ring holds the screw captive, provides required 


/TRUARC 


RETAINING RINGS 


Waides Kohinoor, inc., Long isiand City 1, N. Vv. 


rotational drag between parts with sufficient tension to insure tight fit when 
the screw is first engaged. Typical savings: $1.35/unit—assembly up 70%. 


TRUARC RETAINING RINGS . . 


- THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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sizes, 2-56 through 10-32. Kaynar Mfg. 
Co., Inc., Box 2001, Terminal Annex, 
Los Angeles 54, Calif. 
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TEN-TURN PRECISION 
POTENTIOMETER 


Model 180 1'%¢-in. diam wirebound 
potentiometer is available in ranges 
from 50 to 400 k ohms and to 1 megohm 
on special request. Standard linearity 


We put a lot of quality in our relays. We start with skilled design and 
tolerance is +£0.25 per cent with tol- 
quality materials. Then we add precision workmanship, modern erances of +0.020 on special order. 


Operating temperature range, —55 to 
105 C. Up to 108 additional terminals 
top quality units, outstanding in performance, dependable in can be added for special applications. 


x. : Spectrol Electronics Corp., 1710 South 
operation. This extra quality you get from Comar costs no more, but it Nel Mar Ave. San Cabsial. Calif 


does pay big dividends. Next time you need quality relays — Circle 539 on postcard at end of book 


production techniques and rigid inspection. The resulting relays are 


CYCLING ROTARY SWITCH 


Switch for controlling automatic cy- 
cling equipment shuts off power at end 
of each cycle, and automatically starts 
cycle unless interrupted. Switch is con- 
nected to solenoid which actuates ma- 
chine cycle. Cycling time can_ be 
adjusted within limits. Basic switch il- 
lustrated is adaptable to any existing 
installation where cycling is required. 
Switches can be designed to specifica- 
tions. Brush, ring and insulation ma- 
terials vary, depending upon applica- 
tion. Device illustrated switches 3 amp 


3349 ADDISON STREET CHICAGO 18, ILLINOIS 
RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 
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WESTON 


NEW SERIES 
broaden 


world-famous WESTON panel instrument line 


These advanced rectangulars represent a new high 
in value for the panel instrument user. Both series 
feature the exclusive Weston CORMAG® moving 
coil mechanism. They may be mounted on magnetic 
or non-magnetic panels without special adjustment 

. are immune to the effects of stray fields and 
nearby instruments. Cases and covers are of 
rugged molded bakelite. Large window area assures 
optimum readability —scales cover a full 100° arc. 

The 1751 series offers accuracies within +2% of 
range for all D-C models ... +3% for rectifier type 
A-C instruments used on sine wave 60 cycle source 


at room temperature. The 1761 group provides 
standard accuracies of +1%. Accuracies within 
+%% are also available when equipped with knife 
edge pointers and mirror scales. 


For full information, or for the address of your 
nearest distributor, contact your local Weston rep- 
resentative ... or write to Weston Instruments 
Division, Daystrom, Incorporated, Newark 12, N. J. 
In Canada: Daystrom Ltd., 840 Caledonia Rd., 
Toronto 19, Ont. Export: Daystrom Int’l., 100 
Empire St., Newark 12, N. J. 


Visit us at the Daystrom Booths + IRE Show + New York Coliseum + March 21-24 


DAY STROM , incorporated 


Ww weston INSTRUMENTS DIVISION 
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OVER 60 YEARS' EXPERIENCE IN 
SOLDER AND FLUX MANUFACTURING 


284 


designed to meet and 
exceed MIL-R-22 
specifications 


Tru-Ohm Rheostats have deeper cores with more heat 

dissipating area, permitting the use of a larger diam 

eter of wire. This provides a safety factor with a longer 

life and minimum possibility of burn-outs. © There are many 

other features in the complete line of TRU-OHM RHEOSTATS 

which moke them o ‘must for your next rheostat order 

no backlash in shoft, precise winding, insulated shaft, high tem 
perature enamel and rugged construction, U.L. approved rheo- 
stats you con buy with confidence. * Available in sizes 25, 50, 75, 100 
ond 150 wotts with all variations in shafts, tolerances and off posi- 
tions. Back of panel mounting dimensions cre standard in the industry. 


WRITE FOR 
LITERATURE 
TODAY! 


Pirie 
ete ehLL ETT Ty 


Division of Model Eng. & Mfg., Inc. 
FACTORY: 
HUNTINGTON, 
GENERAL SALES INDIANA 


2800 N. MILWAUKEE AVE. 


OFFICES: 
CHICAGO 18, ILL. 
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"a Kester 


§ Solder 


Only virgin metals, preci- 
sion manufacture, uniform 
consistency, rigid inspec- 
tion . . . these are some of 
the reasons why KESTER 
SOLDER today enjoys 
unanimous acceptance in 
the electrical industry. In- 
sist on Kester... you'll have 
the best in Solder ! 


FREE: Send for 78-page Kester 
technical manual, ‘SOLDER... 
its Fundamentals and Usage."’ 


KESTER SOLDER COMPANY 
4209 Wrightwood Avenue 
Chicago 39, IIlinois 

Newark 5, New Jersey 
Anaheim, Calif. 

Brantford, Canada 
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at 115 volts a-c. Superior Carbon Prod 
ucts, Inc.. 9115 George Ave., Cleveland 
5, Ohio. 
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MINIATURE ADJUSTABLE 
PRESSURE SWITCH 


Switch exceeds requirements of MIL-E 
005272B for performance up to 200 psi 
under vibration, shock and acceleration 
test conditions. Volume of C2060 pres- 


sure switch less than 1 cu in; weight. 


1 oz approx. Pressure capsule and 
snap-action switch contained in stain 
less steel housing. Selection of calibra 
tion ranges to 200 psig available 
Pressure settings altered by tuning top 
portion of switch. Contacts are DPD 
rated 5.0 amp at 125 volts. 60 eps. 
inductive or resistive. The Bristol Co.., 
Waterbury 20, Conn. 
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BINARY THUMBWHEEL 
SWITCH 


Modular 10-position binary manual 
thumbwheel switch TSB requires 1% in. 
of panel space. Only one number at a 
time thru. bezel window. 
Series TSB available with replaceable 
wafers or with fixed wafers if remov- 
able feature is not needed. 


is exposed 


Removable 
switch plugs into fixed printed-circuit 
receptacles and fixed switch is designed 
with terminals. Three- or 
four-bit binary and complementary out- 
puts can be furnished. Aluminum 
mounting frames available to accommo- 


soldering 
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Lamb® induction gearmotor 
with special quiet operating 
three-stage gear train and 
magnetic brake for rotary 
office file. Frame 42 x 2%. 


Lamb® four-pole split 
phase motor with re- 
silient cradle base for 
business machines, 
Frame 42x 2%. 


Lamb® six-pole 
400cycleAC motor 
for operation sub- 
merged in jet fuel 
for booster pump 
drive. Frame 
2% x 242. 


WRITE FOR 


S YOURCOPY 
oe 8-page folder describes 
these and other Lamb 
ee Electric motors. 
—en | 


an. 


Lamb® series motor with 
two-stage fan — the stand- 
ard for high performance 

Lamb® three-stage gear- domestic canister-type 

motor incorporates spe- cleaners. 

cial brackets, reversing 

switch and connecting 

cord for pipe threader. 

Frame 4% x 2%. 


Lamb Electric works in so many fields —- where motors that 
have vastly different jobs to do are sold to vastly different 
markets — that experience gained in one field often helps solve 
problems in other fields. 


For example, we are able to incorporate in motors for appli- 
ances, portable electric tools, and similar products, developments 
that came about in research and engineering work on military 
and other precision motors. 


This broad experience — available to all of our customers — is 
one way in which Lamb Electric special application motors can 
help your product stay ahead of competition. 


Let us demonstrate the value of this experience in bringing to 
your customers improved products and to you more business 
and better profits. 


THE LAMB ELECTRIC COMPANY ~- KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd. — Leaside, Ontario 


Elecluc 


SPECIAL APPLICATION MOTORS 
FRACTIONAL HORSEPOWER 


MARCH 1960 Circle 299 on Inquiry Card 285 





286 


MOST 
MODERN 
OSCILLOSCOPE COMMERCIALLY 
AVAILABLE 


The first oscilloscope 


with digital and printed 
ReadOut, and versatility 
exceeding all other com- 
mercial models. 


© DC to 35 mc—useful to 60 mec 

* Accurately repeatable measurements— 
even by untrained personnel 

© Direct reading digital ReadOut of 
measurements 

* Analog to digital converter—external 
recorders of all types 


* Largest useful viewing area—5 x 10 cm. 


® Modular construction—replaceable 
modules 


* Two plug-ins used simultaneously 
® Electronic switches in X, Y and Z axis 
© No tube selection required 


The Du Mont 425 will outperform any commercially available oscilloscope 
in its class. The 425 is not only a dc to 35 mc scope (useful to 60 mc now, 600 
soon), but simultaneous use of two plug-ins from a large selection of functional 
plug-ins extends its versatility to infinity—it defies obsolescence. Add to this such 
features as: digital ReadOut of measurements, a unique two-dot system for making 
accurately repeatable measurements by minimizing human error, joystick control 
of traces, replaceable modular construction, and many others. The more you know 
about scopes—the more you'll want the 425 by Du Mont. Write for complete 


technical details er $275090 
See us at the IRE 


Show, Booth 3901-2 (without plug-ins) 


precision electronics is our business 
COMMUNICATIONS SCIENTIFIC INSTRUMENTS AUTOMOTIVE TEST EQUIPMENT 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U. S. A. 
INTERNATIONAL DIVISION * 515 MADISON AVENUE, NEW YORK 22, N.Y. * CABLES: ALBEEDU, NEW YORK 
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date up to sixteen switches. Chicago 
Precision 


Blvd., 


Dynamic Industries, Inc., 
Products Div., 1725 
Chicago 14, Ill. 
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NON-TURNING 
HERMETIC TERMINAL 


Diversey 


| 
| Type 599 hermetic terminals are in- 


tended for electronic components such 
as transformers and capacitors in oper- 


ating voltage range of approximately 
1500 volts. Single-unit assembly meets 
MIL-T-27A specifications. Various types 
and sizes are offered. Lundey Associates 
Inc., 694 Main St., Waltham 54, Mass. 
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| MULTI-OUTPUT 


SERVO SYSTEM 
Model 801 


provides servo-controlled attenuation of 


electromechanical system 
signal level for a specific input fune- 
tion. Instrument provides network of 
up to seven gangs of servo-driven poten- 


tiometers in one package. Each poten- 
tiometer can be supplied with own inde- 
pendent function so that simultaneous 
control, feedback and telemetry signal 
can be provided. Input function of servo 
motor is transmitted through gear train 
and converted to linear motion by 
leadscrew; slip clutch is _ provided. 
Specifications: linearity, +0.1 per cent; 
1000 to 100,000 ohms; 
resolution, as low as 0.03 per cent; 
power rating, 1.5 watts per element; 
temperature range, —65 to -++-200 F. 
Bourns, Inc., Box 2112, Riverside, Calif. 
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PRECISION INSTRUMENT 
BEARINGS 


“Microspin” _ self-lubricating 
bearings may be used in many of the 
same applications as ball bearings. 
Made of sintered bronze per MIL-B- 
5687, Type I, Comp. A, with 4 per cent 
molybdenum disulfide added at sinter- 
ing. these bearings are oil-impregnated 


resistances, 


bronze 
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visit Cannon booths 2628-32 
at the IRE Show 


AVAILABLE NOW FOR ANY MOISTURE ENVIRONMENT 


Wherever water threatens an electrical connection, 
you can be sure of positive dry contact by choosing 
from Cannon’s many types of weatherproof plugs. 
For rocket engine test stands... ground support 
equipment... buried or exposed cables... under- 
water research equipment...or any wet weather 
condition... Cannon has the right plug for you. 
@ Moistureproof types maintain sealed characteris- 
tics at high altitudes and over a wide temperature 
range. Mi Weatherproof types repel water under 
severe mud, ice, and water conditions, M Watertight 
types may be used underground and in swamps, lakes, 
and rivers ...may be submerged in water up to 550 
feet without leaking. Cannon's weatherproof plugs are 
another of many reasons why you should always con- 
sult the first name in plugs... why you should always 
consult Cannon for all your plug requirements. For 
information on Cannon weatherproof plugs, or any 
Cannon product, write to: 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 
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Power supply built by 
General Electric Com- 
pany, Holyoke, Mass. for 
40 kv de, 20 amps 20 kv 
dc, 40 amps service. 


Overload protection is 
provided by Jennings 
Type R9G vacuum switch 
overload circuit breakers. 


Oy 
j. 


VALUABLE ELECTRONIC EQUIPMENT 
DESERVES THE E5¢@g{> PROTECTION 


EE 


This new General Electric high voltage power supply designed 
for development tube testing achieves its superior performance 
through excellent design and the highest quality components. 
General Electric's insistence on the finest components included 
choosing Jennings Vacuum Relays to provide the most complete 
overload protection available. 


Jennings vacuum relays are ideally suited to provide 
the fast protection required by the new silicon rectifier 
power supplies. They offer the fastest fault current 
removal obtainable anywhere, normally from one 

half to one cycle operation with 2 to 10 ms operation 
available for extra high speed applications. 


Vacuum sealed contacts require no maintenance 

and eliminate the danger of fire and explosion. Rapid 
recovery of very high dielectric strength achieves 

the short time, low energy arcing which results in 
remarkably long contact life. For example, the type R9G 
switches in this power supply are conservatively rated 
for 10,000 fault operations without maintenance. 


In addition to their use as overload circuit breakers, 
vacuum switches are particularly effective for switching 
capacitor banks, dc pulse switching, antenna change- 
over switching, safety grounding switching, tap 
changing on rf coils, and as high voltage disconnects. 


Write now for more detaiied information on Jennings 
complete line of vacuum relays. 


Reliability means Vacuum 
Vacuum means 


JENNINGS RADIO MANUFACTURING CORPORATION - 970 McLAUGHLIN AVE, P. 0. BOX 1278 - 
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SAN JOSE 8, CALIF 


and self-lubricating. Available in range 
of standard miniature sizes, in both 
flanged and non-flanged styles, they are 
dimensionally interchangeable — with 
standard miniature ball bearings. Tol- 
erances may be specified equivalent to 
Class ABEC 5 or 7. Northfield Precision 
Instrument Corp., 4400 Austin Blvd., 
Island Park, L. I., N. Y. 

Circle 545 on postcard at end of book 


TEFLON BEARINGS 
“Roll-Dri” bearings of TFE fluorocar- 
bon formulated laminates can be run 
without benefit of any lubricant. Coefh- 
cient of friction of bearing surface is 
approximately 0.05. In one installation 
on pulp paper dryer journals, bearings 
without lubricant ran at temperature 
64 F lower than lubricated bronze liner 
which was run on adjacent dryer jour- 
nal. Bearings may be operated at tem- 
peratures to 275 F in some applications. 
Laminated plastics bearings are made 
to requirements. Industrial Plastic Sup- 
ply Div., Industrial Safety Supply Co.. 
Inc., 574 New Park Ave., West Hart- 
ford 10, Conn. 

Circle 546 on postcard at end of book 


DIFFUSED-JUNCTION 

SILICON RECTIFIERS 

Series of 6- and 12-amp rectifiers are 
capable of operating to base tempera- 
tures of 190 C. New 6-amp series is 
designated JEDEC Types’ 1N1341 
through 1N1347, and 12-amp series 
Types 1N1199 through 1N11205. Both 
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AMPin-cert RACK AND PANEL CONNECTORS—tere’s a rack and panel connector that 


can really take a beating and keep right on going . . . performs like a champion in the toughest environments, 
with the roughest treatment yet gives enduring critical-circuit performance. 

Environmentally sealed or unsealed, AMPin-cert connectors are made in 50 and 100 position units and 
have a number of unusual features including: single or dual circuit leads per contact (in the 50 position unit) 
. . . crimp-on snap-in contacts with extra wire insulation support against vibration . . . aluminum shells for 
shock . . . cadmium plating for corrosion resistance . . . extended alignment skirts plus alignment bushings on 
shells to prevent coupling damage to contacts . . . alpha-numerical coding of all cavities. 

Get reliable performance under vibration and shock . . . in arid climates . . . in excessively humid condi- 
tions . . . in extreme cold or heat. No solder, naturally. Current rating of 5 amperes. 

If you need a rugged connector with dry circuit sensitivity, the AMPin-cert Rack and Panel Connector 
is your answer. Send for more information today. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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series have piv ranges from 50 to 500 
volts. Cases are nickel-plated. Interna- 


tional Rectifier Corp.. 1521 E. Grand 0 SU C 
(ves El Segundo, Calif N THE SURFACE... 
Circle 547 on postcard at end of book | 


MINIATURE SPEED REDUCERS 


Precision speed reducer Types U1] are 
%6 in. approx in diam with Size 10 | 


; 

frames. Available ratios are from 9:1) 
| 

| 

| 


DC-DC CONVERTER 


All Items Designed for 13.6V. Except 8034 which is for 
28V input 
TYPICAL DC-DC CONVERTER 
CIRCUIT on 
to 3000:1. Rated torque, 35 in.-oz max; | 
. . _- | 
ball bearings. ABEC-5: — backlash | 
through entire train, less than 30 min 
utes measured at output shaft; gears 


cut to Precision 2 or better. PIC De- 
D.C. Output 


F.W. Bridge CT. Full Wave sign Corp., 477 Atlantic Ave., East 
Volts Ma. Volts Ma. Rockaway, L. [., N. Y 
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2% 183 | SOLDER-CLAD STAMPINGS 
cement |FOR JOINING DISSIMILAR YOU CAN'T BEAT 


METALS 
MICRO MINIATURE Strips of base metals such as_ nickel. VULCAN STRIP 
TRANSISTOR Kovar, 


molybdenum steel and others 
Available in 4 case types 


Hermetic (H) "5/4" 1/;4", wt. oz are now being clad on one or both 
Open Frame (F) 7/j," x '%2" x %", sides with tin-lead solders, silver, gold 
wet. 4 o7 
Number | Application _—|_—itmp me The surface we mean is any flat 


MMT 5° Coll. to Speaker 50,000 Solder cladding os < . 
MMT 7° Coll. to PP. Emit 25,000 1,200 C.T Base metal surface to which Vulcan Strip 


MMT 9° Line to P.P. Emit 600C.T. 1,200C.T | Heaters can be clamped ra dies, 
MMT 10° Coll. to Emit 25,000 600 le Ids Vul Stri 
MMT 11° P.P.Coll.toEmitorline 4,000C.T. 600C.T platens, molds, ete. Vulcan Strip 
MMT 12° Coll. to Speaker 2,000 3.4 Solder cledd Heaters are also excellent as air 
MMT 16° Coll. to P.P. Emit 10,000 1,500 C.T older cladding ae : - a ae 
MMT 17° PP. Coll. toP.P. Emit. 10,000C.7. 200C.T Base metal heating sources for ovens, air 
MMT 18° PP. Coll. toP.P.Emit. 25,000C.T. 1,200C.1 Selder cladding ducts, dryers, etc. And these ver- 
MMT 19° ( oll. to P.P. Emit 2,500 2,500 C.T ° . 

*Add either -M or -H to part number to designate construction satile heating elements can be 
Seo aunts Gs Steiee Neonates formed into circles (one or two- 


Solder claddi j i j 5” 
older cladding piece) in radius of 5” or more. 


Base metal 


ULTRA MINIATURE Standard one-piece seamless 
TRANSISTO } sheaths are made in steel for 


reaean sheath temperatures to 750°F; 
Solder cladding Chromalloy to 1200°F. Lengths 
are from 8” to 42%” (special, 
shorter or longer). Wattage rat- 
ings are from 150 to 1500 (or 


higher). 





Write for catalog and prices. 


solder cladding 


Output 

Output 400 C.T. 

Choke 10 Hy. (0. dc) 8 Hy (.5 ma) 650 
“Add either £ or -M to designate construction. See catalog 


and related alloys. Clad strip is 
stamped into disks, washers and special 
shapes for use in automatic joining | VULCAN ELECTRIC COMPANY, Danvers, Mass. 


operations. Stampings also used as heat | 





sinks, base rings or tabs, diaphragms. 
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THE RELIANCE SUPER ‘T’ 


_ Here is a motor built to make maximum 
use of d-c. flexibility. The Super ‘T’ puts 
Dynamic Response into starts, stops, and 
speed changes. Dynamic Response gives you 
a 50% increase in torque and a 50% decrease 
in reaction time. 


This top performance is due to advanced 
balanced design. Lighter, small diameter 
armatures cut mechanical inertia 50%. Su- 
perior Class B insulation, gives extended 
life even at temperatures as great as 130°C. 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


RELIANC 


Dept. 273A, CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


A New Kind of D-c. Motor With DYNAMIC RESPONSE 


Top grade insulation plus engineered ven- 
tilation lets the Super ‘T’ take tremendous 
overloads. In fact, the Super ‘T’ can develop 
double normal horsepower during starts, 
stops, and speed changes. 


The Super ‘T’ is a compact power pack- 
age, designed inside and out for tough 
industrial service. From appearance to per- 
formance, the Reliance Super ‘T’ with 
Dynamic Response is today’s most modern 


industrial motor. 
C-15Tt 


ELECTRIC AND. 
ENGINEERING CO. 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VxS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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THE CALCULATOR 
THAT EXTRACTS 
SQUARE ROOT 
AUTOMATICALLY! 


secu eeeeeeeeeenevee 


Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 


“<i _— single key. And it’s the only calculator that can! 
1. On the keyboard, enter the 
figure from which the rootis If you now waste valuable productive time 


extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 
for itself. Call your Friden Man or write to 


Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: 


2. Touch the square root key Automation so hand-in-hand with practicality 
pets to position of 


radicand’s decimal point. there can be no other word for it. 


sar © i960 rrioen, inc 


3. Automatically, the square 
root will appear in the dials. FRIDEN, INC., SALES. INSTRUCTION, SERVICE 
Time required: just seconds. THROUGHOUT THE U.S. AND THE WORLD 
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and contacts for special electronic ap 
plications. Alloys Unlimited, Inc., 21-0) 
43 Ave., Long Island City, N. Y. 

Circle 549 on postcard at end of book 


POSITIVE-OFF THERMOSTAT 


Thermostat Model AP permits cut-out 
of thermostatic control through manual 
operation of threaded adjusting stem. 
Device provides make-break control of 
electrical circuits in response to tem- 


perature changes, and is designed for 
use with appliances, heating and venti- 
lating equipment, vending machines. 
manufacturing machinery, etc. Restrict- 
ing device, providing oFF feature, can 
be used either to cut out thermostatic 
control altogether or to limit lower 
range of thermostat operation. Operates 
over temperature range of 0 to 650 F 
and is rated at 15 amp on 115 volts a-c 
or 10 amp on 230 volts a-c. Norwalk 
Thermostat Co., 52A Woodlawn Ave. 
No., Norwalk, Ohio. 

Circle 550 on postcard at end of book 


TIME-DELAY SWITCH 

Switching device is capable of handling 
up to 50 amp without arcing, contact 
damage or radio interference. Com- 
ponent is completely solid state, has no 


moving parts and weighs 3 oz. Three 
basic types available: light-duty series 
switches up to 10 amp; medium-duty 
series for up to 16 amps; and heavy 
duty series switches to 32 and 50 amps. 
Time-delay switch meets applicable test 
conditions of MIL-R-5757C, MIL-R- 
6106A and MIL-R-25018. Power re- 
quired is 50 ma max and standard 
operating voltages are 24-31 volts d-c. 
Aluminum case size is 144 diam x 2 in. 
long. George Harmon Co., 18232 Par- 
thenia, Northridge, Calif. 

Circle 551 on postcard at end of book 
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NOW... 
from MickERs 


INW 
SILICON POWER RE 


18 and 35 amperes 


SILICON POWER RECTIFIERS 


CATALOG NUMBERS QUA LITY 


eee LOW POWER MEDIUM POWER 
Voltage TTT RN ao 18 Amperes| 35 Amperes RELIA BILI TY 


50V 


100V “x 10 é UNIFORMITY 


150V 


aa : IMMEDIATE DELIVERY 


250V 


ay “oss as «SILICON RECTIFIER STACKS 


ee of all cell sizes available 
IOV 


ON Bi ye 60 in all popular circuits and 
voltage ratings with 


e rl | current ratings from 
DIM estos | 
eurerneeen 2/32 | _ a 2 to 100 amperes. 


5/8 DIA 1.19/64 


7/16 HEX | | | Wie wex 1. | . ‘ % 
oi E Write for new 3300 Series Bulletins 
10.32 1.19) == 7 2 = or contact the nearest 
THREADS ~ 7 4 


Types AA, BA & CA Types DA & EA Vickers Sales Representative. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET / SAINT LOUIS 3, MISSOURI 


Sales Engineering Offices: ST. LOUIS—CEntral 1-5830 e DETROIT—KEnwood 4-8070 e WASHINGTON, D. C.—EXecutive 3-2650 
CHICAGO— JUniper 8-2125 « NEW YORK—LEnnox 9-1515 « SYRACUSE—GRanite 4-4887 
CLEVELAND—EDison 3-1355 # LOS ANGELES—DAvenport 6-8550 e BOSTON —CEdor 5-6815 « SAN MATEO—Fireside 1-3433 
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NEW Time Delay Relays 


INSTANTANEOUS RESET... 
VOLTAGE -TEMPERATURE 
COMPENSATED 


© POD «EG Ca a te 


BRACKET MOUNTING STUD MOUNTING 


RUGGED CONSTRUCTION THROUGHOUT 
OT EE Es 


Designed with an instantaneous reset feature, these relays provide 
the same time delay for a series of cycles when temperature and 
voltage vary. 

They are pre-set from 3 to 180 seconds, are chatter-free and 
will withstand severe shock and vibration. Because of this 
unique combination of features, these relays are now being used 
in such new circuit applications as: 

Sequential timing for missiles + Automatic reset on digital readout 
equipment . Oscillator stabilization . Overload protection 
+ Computer sequencing 

“DM" SERIES STEPPING MOTORS 


Curtiss-Wright Stepping Motors convert digital pulses into 
mechanical work or motion. Units are bi-directional with 
high starting torque. 


Write for complete Components Catalog 260 to help you select Curtiss- 
Wright electronic components for use where dependability is of prime 


importance. 
COMPONENTS DEPARTMENT: ELECTRONICS DIVISION 


CURTISS () WRIGHT 


CORPORATION «+ EAST PATERSON, N. J. 


TIME DELAY RELAYS + DELAY LINES + ROTARY SOLENOIDS ~- DIGITAL 
MOTORS + TIMING DEVICES - DUAL RELAYS + SOLID STATE COMPONENTS 
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FUSED-SILICON DIODES 


Diodes range through Types 1N645 to 
1N649. Previous diodes of these types 
employed diffused silicon as semicon- 
ductor element. Power dissipation rat- 
ing at 25 C, 600 mw. Peak inverse vol- 


=f — 


tage at 65 to +150 C varies from 
225 volts for 1N645 to 600 volts for 
1N649; remaining types are rated at 
100-volt intervals. Average rectified for- 
ward current, 400 ma min at 25 C, 
derated to 150 ma at 150 C. Specifica- 
tions include minimum breakdown vol- 
tage at 100 C of 275 volts for 1N645 
and 720 volts for 1N649. Voltage drop 
at 400 ma forward current is approxi 
mately 1 volt max. Typical capacitance 
12 volts at 1 m 
is 9 pf. Hughes Aircraft Co., Semicon- 
ductor Div., Newport Beach, Calif. 
Circle 552 on postcard at end of book 


TACHOMETER GENERATOR 


Miniature tachometer generator, de- 
signed and tested under MIL-G-26611, 
is two-pole, three-phase, Y-connected 


with reverse bias of 


unit. Stator and permanent-magnet ro- 


tor furnish alternating three-phase out- 
put power with frequency proportional 
to rotor velocity. Generator is capable 
of 14 watts output at 4200 rpm; various 
outputs may be specified. Modifications 
can be made to suit specific applica- 
tions. Unit illustrated is 2% in. long. 
approx; weight is 12.8 oz. Globe In- 
dustries, Inc., 1784 Stanley Ave., Day- 
ton 4, Ohio. 

Circle 553 on postcard at end of book 


MINIATURE TELESCOPING 
UNIVERSAL JOINT 


Two preloaded ball splines of universal 
joint provide lateral travel and a mini- 
mum amount of thrust on connected 
components. Two universal joints fea- 
ture sealed-in lubrication of preloaded 


bearing surfaces between burnished 
sockets and precision balls giving con- 
tinuous contact, assuring zero backlash. 


(Continued on page 296) 
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REPORT FROM 


BSSiBx MAGNET [} /, 
oe tal a thd le a | Af 


*TECHNICAL INFORMATION CENTERS FOR RESEARCH, DEVELOPN 


Now | Comprehensive Data on 


AVAILABLE \ )} Magnet Wire Encap 


A series of thermal aging tests were run by Essex Magnet Wire Lab- 


oratories to determine the compatibility of a number of magnet wires 
with encapsulating compounds. This data has been compiled into a 


test report which can be used as a guide in wire selection. Write for 


the complete test report or consult your Essex Magnet Wire salesman 


about the Essex Continuing Magnet Wire Testing Programs. 


MAGNET WIRE DIVISION ESSEX WIRE CORPORATION, 


Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Michigan 
National Network of Warehouses and Sales Offices ... Call Your Local ‘Essex Man" 
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= THERMAL EXE 
PLAIN EWAMEL 
FORMVAR 


NYFORM 
SODEREX * 


The right insulation for every ap- 
plication with Essex Magnet Wire 


Fort Wayne, Indiana 
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90 & 100 contact CONNECTORS 


AMPHENOL Series 115 connectors, used primarily for circuit 
analyzing and cable testing, were engineered to provide top 
efficiency and built for rugged field use. The connectors ac- 
commodate 50 or 100 No. 16 wires and are nominally rated 
at 750 volts RMS 60 CPS at sea level. They represent maxi- 
mum efficiency in the utilization of space for all applications 
where a large number of circuits must be broken quickly 
and conveniently. 

The connectors incorporate simple, reliable knife blade 
contacts, “free floating” for easy alignment in mating. Three 
different contact terminations may be ordered: Crimp-on, 
Extended Solder Cup or Taper Pin. 




































The photo to the right illustrates 
the DIT-MCO Model 850 
Multiplier used in conjunction 
with their Model 200 Circuit 
Analyzer. Because of their out- 
standing capabilities, AMPHENOL 
115 Series connectors were 

used in both units manufactured 
by this Kansas City firm... 
AMPHENOL’s 50 contact connectors 
and 100 contact connectors in 
both DIT-MCO’s Model 200 
Circuit Analyzer and Model 850 
Multiplier ... proof that quality 
equipment consists of 

quality components. 


FOR MORE INFORMATION ON THIS VERSATILE, 
RUGGED CONNECTOR, AND OTHER CONNECTORS, 
WRITE FOR CATALOG “a.” 


CONNECTOR DIVISION 


CHICAGO 50, ILLINOIS 


Amphenol-Borg Electronics Corporation 
Circle 311 on Inquiry Card 











Body components are Type 303 stain- 
less steel; balls are 440 stainless. Stan- 
dard assemblies have 1%-in. lateral 
travel; greater travel available on 
special units. Standard joints available 
in following sizes: %¢6 body with choice 
of %2 and % bores; %2 body with 
“46 bore; 3 body with %%-in. bore. 
Torque ratings for three body sizes 
are 16, 64 and 256 in.-oz, respectively. 
Falcon Machine & Tool Co., 209 Con- 
cord Tpke., Cambridge, Mass. 
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PRESSURE-SENSITIVE 
SIGNS AND MARKINGS 


Dri-Mark films are custom-made pres- 
sure-sensitive applied signs for use as 
nameplates and product markings. In 
addition to decalcomanias, line includes 
vinyl film, chrome-bright mirrorized 
film, clear duPont Mylar, mirrorized 
vinyl Mylar laminate and Dri-Mark 
outdoor paper. Films and decals are 
processed with pressure-sensitive ad- 
hesive. Meyercord Co., 5323 W. Lake 
St., Chicago 44, II. 

Circle 555 on postcard at end of book 


TRIMMING POTENTIOMETER 


Model 1W-STK trimming pot may be 
stacked from two to ten in a row and 
held by a bolt and nut. Wirewound 





trimmer withstands 100 g acceleration, 
50 g shock. Temperature range, —55 
to +140 C with 1.3-watt rating at 40 C. 
Can be sealed to meet MIL-E-5272A. 
Inductive reactance not measurable at 
100 ke. Exceeds NAS 710 for imped- 
ance. Handley Inc., 2030 Colorado Ave.. 
Santa Monica, Calif. 
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CERAMIC CAPACITOR 


Illustration shows Cerafil capacitor in 
front of conventional ceramic unit of 
equivalent capacitance. Cerafil maxi- 
mum sizes range from 0.090 in. diam 
by 0.320 long for 0.001 yf to 0.310 diam 
by 0.750 long for 0.1 uf unit. Voltage 
rating is 100 volts d-c; power factor, 
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Proportioning Electronic Instrumentation! 





ACTUAL 

CONTROL ) [eters 
POINT + 2° F. 

ULTRA-TEMP 


COI-WATE en 


800° F. or 1200° F 
*Automatic Electronic meemuaeee 
*Proportioning Control System 


Exclusive Proportioning Control 
System provides performance 
equal to that resulting from 
expensive potentiometer 
instrumentation ... at no extra 
cost! ULTRA-TEMP Ovens 
automatically provide constant 
air weight circulation . . . at all 
temperatures — eliminating air 
anemia, minimizing test chamber 
temperature stratification and 
assuring greater uniformity. 
WRITE FOR 
e DESCRIPTIVE BULLETIN CP-7981 
© TECHNICAL BULLETIN NO. 106 





GUARANTEED 
To Meet 
Air Force Spec. 
MIL-H-6088A 








| =] LU | | an Cr) BLUE ISLAND, ILL. 


MANUFACTURERS AND DESIGNERS 
COMPLETE TEMPERATURE CONTROL EQUIPMENT 
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OPHAR 


COMPOUNDS 





Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For immediate service contact: 
L. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Sounders, Chemical Laboratories 


AHPERITE 









Phone SOuth 8-0907 


. ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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THERMOSTATIC 


Va VE 


2 to 180 Seconds 


Actuated by o heater, they operate on 
A.C, D.C, or Pulsating Current. 
Hermetically sealed. Not affected by 
altitude, moisture, or climate changes. 
SPST only—normally open or closed. 
Compensated for ambient temperature 
changes from —55° to +-70° C Heat- 
ers consume approximately 2 W. and 
may be operated continuously. The units 
| ore rugged, explosion-proof, long- 
F | lived, and—inexpensive! 
A TYPES: Standard Radio Octal, and 
UDF 9-Pin Miniature . . List Price, $4.00. 
Standard Delays 


PROBLEM? Send for 
Bulletin No. TR-81 


Also— Amperite Differential Re- 
lays: Used for automatic overload, un- 
der-voltage or under-current protection. 


AMPERITE 


PP VRRY aCUUEtL 8S 


Amperite Regulators are designed to keep the 
current in a circuit automatically regulated 
at a definite. value (for example, 0.5 amp.) 

.. For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C, or Pulsating Current. 





VOLTAGE OF 24V WITH AMPERITE 
BATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX. | ONLY 


90% : 2° 


BATTERY VOLTAGE 





Hermetically sealed, they are not affected by changes in altitude, 


ambient temperature (—55° to +-90° C.), or humidity... Rugged, 
light, compact, most inexpensive ....... List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


AMPERITE 


561 Broadway, New York 12, N. Y UPR 
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 
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Tae OOO LEO 
the Least Expensive 


NEW RUBICON 
LABORATORY 
POTENTIOMETER 


for high precision 
measurements 
from 0-1.6 volts 


MODEL 2781 


A general purpose laboratory in- 
strument combining high accu- 
racy with ease of operation. It uses 
athree-dial measuring circuit.Set- 
tings for dial one and two are 
displayed digitally. A third dial, 
directly connected to a slidewire, 
is graduated in easily read incre- 
ments. 


@ Galvanometer and emf revers- 

ing keys facilitate measurements. 

@ Stable 1 volt reference emf 

through separate pair of binding 

posts. 

e New contemporary design can 

be supplied for either table top 

use or relay rack mounting. 

@ Gold plated copper binding 

posts. 

e Limit of error: 

0 to 1.6 volt range—30 micro- 
volts or 0.1 “7 of reading, which- 
ever is greater 

0 to .16 volt range—3 microvolts 
or 0.015% of reading, which- 
ever is greater 

0 to .016 volt range—1 microvolt 
or 0.015% of reading, which- 
ever is greater 


Depend on this precision instru- 
ment for the exceptional accuracy 
and long service for which all 
Rubicon products are famous. 
For complete details, contact your 
nearby Honeywell Branch Office, 
or write to MINNEAPOLIS-HONEY- 
WELL, Rubicon Instruments, 
Philadelphia 32, Pa. 


— rth 
‘ig PI ERING THE FUTURE 


YEA EF. 


Honeywell 
[H) Fit in Contol 


Since tee6 
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2.5 per cent at 1 ke. Variation of ca- 
pacity with temperature, +10, —15 
per cent approx over range from 55 
to +-85 C based on 25 C as reference 
temperature. Capacitances available 
are 10 pf thru 0.1 yf. Meets applicable 
requirements of MIL-C-11015A. Ca- 
pacitor consists of single ceramic rod 
element or bundle of '%2-in. diam ele- 
ments for higher capacitances. Ceramic 
rod substrate is metallized, covered 
with thin film of ceramic dielectric, and 
finally the ceramic film is metallized 
to form second electrode. Hi-Q  Div., 
Aerovox Corp., Olean, N. Y. 
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DPDT PUSHBUTTON SWITCH 


Moistureproof switch WC1506 and | 


Switchlite WC1501 are rated 2 amp 


inductive, 28 volts d-c. WC1506 has | 


overall length of 15g in. behind-panel- 
depth of 7% in. This unit is available 
with various adapters, some of which 
are suitable for engraving up to twenty 
characters. 

WC1501 Switchlite has independent 
and isolated lamp circuit and is avail- 
able with 6-, 14-, or 28-volt lamp. The 
5g-in. diam lens provides space for en- 


graved legend. Overall length, 2% in.; | 


behind-panel-depth, 1132 in. Hethering- 


ton, Inc., 139 Illinois St., El Segundo, | 


Calif. 


Circle 558 on postcard at end of book | 


PRINTED-CIRCUIT-CARD 
HOLDERS 


Card holders for use in computers and 
other equipment are molded to toler- 
ances of +0.005 in. High-impact plas- 
tic, Koppers Company’s Dylene 800, is 
used. Moldings are stable and resist 
bowing which would affect ease of in- 
sertion or removal of printed-circuit 
cards from racks. Holders are currently 
offered in five sizes but can be made to 
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ASS CORPORATION “4 


iN ‘AY 


a new symbol of magnetic progress 


Two established leaders — Indiana Steel Products and 
General Ceramics — Combine to Serve You Better 


LOUD-SPEAKER 


InDox V ceramic 
permanent mag- 
net provides high 
energy level . 

reduces speaker 
length and weight. 


This trademark is the calling card of a new leader in science-age 
materials — Indiana General Corporation. It is born of a union between 
two established leaders — The Indiana Steel Products Company in 
permanent magnets ...the General Ceramics Company in ferrites and 
memory systems. Together, as Indiana General Corporation, they serve 
you better by placing at your disposal the brains and resources of two 
scientifically oriented concerns. Research and development have been 
the backbone of both of the original companies; both have records of 
significant achievement in their particular fields. 

Indiana General can help you “design-engineer” your products with 
the latest magnetic innovations. If you have a design problem, the 
Indiana General sales engineer in your area will be most happy to 
advise you. And, behind him, our experienced scientists and design 
engineers are available for consultations — at no cost or obligation. 
Write us outlining your problems, 


MEMORY SYSTEM 


New microstack 
unit for coincident 
current memory 
systems saves 90% 
of space required 
by conventional 
stack, yet is more 


MAGNETRON 


Powerful Hyflux 
ALNICO V magnets 
improve perform- 
ance in many 
types of micro- 
wave equipment. 


AUTOMATIC 
DIRECTION FINDER 
Ferramic “E” mag- 
netic core materi- 
al helped engi- 
neers create anew 
concept in aircraft 
antenna design. 


reliable. 


This is Indiana General Corporation 


INDIANA STEEL PRODUCTS DIVISION Valparaiso, Indiana © Metallic and Ceramic Permanent Magnets 

GENERAL CERAMICS DIVISION Keasbey, New Jersey ® Ferrites, Memory Products, Technical Ceramics and Chemical Stoneware 

ADVANCED VACUUM PRODUCTS (Subsidiary) Stamford, Connecticut © Alumina Ceramic-to-metal Hermetic Terminals 

STEARNS MAGNETIC PRODUCTS DIVISION Milwaukee, Wisconsin * Magnetic Materials Handling and Separation Equipment 

THE INDIANA STEEL PRODUCTS COMPANY OF CANADA LIMITED Kitchener, Ontario © Permanent Magnets and Stainless Steel Castings : 


If your product involves magnets or ferrites, Indiana General can help you make it better. 
Visit us at the IRE Radio Engineering Show, booths: 1310-12-14-16 


re-F INDIANA GENERAL 
CORPORATION 
4 VALPARAISO, INDIANA 


MARCH 1960 : Circle 317 on Inquiry Card 





DIE CAST 
ZINC ALLOY 


e hj 
Wing -Nuts 


[_] REDUCE COSTS 
[-} SIMPLIFY ASSEMBLY 
{| IMPROVE APPEARANCE with 


25 years of 
progress in 
tiny parts 


CB Cap Nuts 
| thumb {S) 
~ Nuts tid 


DIE CAST ZINC ALLOY 
( RC & MOLDED NYLON 


now... © Uniformly accurate — range of £5 Cp 
NYLON NUTS e High in quality stock styles, types, I 


Low in cost sizes and threads 
added to GRC’s 


extensive line of 


NYLON SCREWS 


Produced in one high speed automatic 
operation, GRC's exclusive methods as- 
sure uniformity, smooth, rustproof & cor- 
rosion resistant surfaces and the lowest 


Thumb & 
Wing Screws 


possible cost. New kinds of fasteners nev- 
MOLDED 
NYLON 


modifications in 
stock fasteners for specialized use . . . in- 


er before available . . 


finite variety in styles, types and sizes, 


have been made possible by GRC’'s special Screws 


<9 


Hex Nuts 


2 


Washers 


World's Foremost — & ae ; . § s ——~ 
Producer of K i; # : see 8 «@ 
Small Die Castings @ ‘ ‘ 


automatic die casting and molding 


machines. 


Write, wire, phone RIGHT 
NOW for prices, your copy of 
GRC’s NEW DETAILED INDUS- 


B d WN t 
rane es Cae See gate TRIAL FASTENER CATALOG 


in ten sizes: 42 thru 5/16” 
- « « Complementing GRC's 
Nylon Screw line. Nuts are 
single chamfered, washer- 
faced, double counter-sunk. All 
available from stock 
Samples sent immediately. 


GRIES REPRODUCER CORP. me 


149 Beechwood Ave., New Rochelle, N.Y., NEw Rochelle 3-8600 ws 


SEE US AT THE IRE * BOOTH #4110 
Circle 318 on Inquiry Card 


eral aa 
& MECHANICAL &; 


P-2406-CCT 
Plug—with cable 
clamp in top. 


8-2406-SB 
Socket with shallow 
bracket for flush 
mounting. 


Visit Booth 2535 at the I.R.E. Show 


HowaRD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 
— 


1 t i eT 


DIVISION OF UNITED-CARR FASTENER CORP. 
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any specifications and in any color de- 
sired. Space Products Co., 2235 E. 
Artesia St., Long Beach, Calif. 

Circle 559 on postcard at end of book 


CABLE OR CONDUIT SUPPORT 


One-piece, self-locking, _right-angle 
bracket nut is used for attaching wire 
bundles and plumbing lines to frames. 
LHA71 bracket nut is made of cad- 


mium-plated carbon steel, heat treated. 
Bracket MIL-N-25027(ASG). 
Mounting holes permit use of Y%-in. 
aluminum-alloy Presently de- 
signed in 10-32 thread size in three 
bracket lengths of 0.450, 0.650 and 
0.850 in. Parts may be had with or 
without molybdenum disulfide dry-film 
lubricant. Elastic Stop Nut Corp. of 
America, 2330 Vauxhall Rd., Union, 
BL; 


meets 


rivets. 


Circle 560 on postcard af end of book 
REVOLUTION COUNTER 


Shaft-driven revolution counter Series 
307 counts shaft revolutions up to 1000 
rpm and requires 114 oz-in. torque for 
electrical control of a machine or sys- 
tem operation. Repeatability is 0.0025 


of dial range. With clutch energized by 
external momentary or sustained switch 
contact, counter indicates revolutions of 
shaft until predetermined dial setting 
is reached, tripping SPDT control con- 
tacts. Knob-operated setting hand de- 
termines input revolutions required be- 
fore control action Pointer 
rotates to provide indication of cycle 
progress. Counter available for a-c or 
d-c operation, with eleven dial ranges 
from 0-12 to 240,000 revolutions and in 
various circuit arrangements. Applica- 
tions include measuring to exact 


occurs, 
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If you have a tax problem 


see an ACCOUNTANT atk 


BUT...if you need a 


BRUSH HOLDER eS 


Your SPECIALIST is 


@ Offers Complete Line of ‘ 4 ; Greater 


Brush Holders and Caps 


Holding Power! 
@ For All Types of Motors 


and Generators 


@ A Competent Engineering Easier, 


Department To Assist in 
Brush Holder Requirements 


More Uniform 


- , 
@ 25 Years of Experience Plt tae etl ae 


Write for complete information 
contained in our new easy to use 
Phoenix Catalog, No. 60-3. 


Careful engineering and strict quality controls give 


ELECTRIX Terminals greater holding power in use. 
3625 N. HALSTED ST. © CHICAGO 13, ILL. 


Circle 320 on Inquiry Card ELECTRIX Terminals meet and surpass rigid elec- 





trical and physical characteristic tests. Tolerances, 


Electronically SMT ee especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 


Controls variable motor oy Setetee in dependable Electrix Automatic Attaching 


Ne A x a LLE "4 e e) 0 Machines, Electrix Terminals offer easier, more 


economical assembly. 


ELECTRONIC CONTROLLER sinensis 


with Separate Control Station Component save you money. 
and EY equi] A ie oe tate Extremely wide range of types, sizes and finishes. 


Write for free catalog. 


Controller, in steel cabinet 14” wide og * 
x 16” high x 6” deep, is hot when 

outside switch is on. It operates a 4 , 

h.p. shunt wound motor on 220-230 , ; 


volts, 50-60 cycles single phase. 


Control Station Component | * 
has three simple controls for ae a 

coarse or fine settings. Hous- ~ 

ed in a 2” x 2” x 9” steel box, 


the control station is con- 
nected to controller with a 
10-foot 10-conductor vinyl 


Jacketed cable. C-60 CONTROLLER and ASHTON 


Motor is 34 h.p. at 2400 rpm with CONTROL STATION 

full torque from 300 rpm, ball bear- f.0.b, $240 

ing shunt wound with interpole, on | las Vegas, Nev. RHODE ISLAND 
frame J66- “type DM by Master Elec- 

tric Co. A 7-foot 4-conductor vinyl % H. P. MOTOR 


jacketed cable comes with motor. f.0.b. $11 
Motor and controller are operated | Las Vegas, Nev. 
from the control station. 


Longer motor and controller cables supplied on order. 


cop Avy GERALD K. HELLER CO. 


1819 Industrial Road, Las Vegas, Nevada 
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FOR CUSTOM 


Ne 


\ 


Shown above are custom rubber parts 
that exemplify Stalwart’s total produc- 
tion capabilities and design versatility. 
Produced to meet customer specifications, 
complex configurations are molded, ex- 
truded, cut, calendered and spliced from 
special compounds to provide the ulti- 
mate in part quality, performance relia- 
bility and production economy. And you 


8752-SR 


THE WORLD'S 
LARGEST PRODUCER 
OF SILICONE 
CUSTOM RUBBER PARTS 


TALWART 


RUBBER COMPANY, 


Circle 323 


face 
s* 


TEMPERATURE...CHEMICALS... 


RUBBER PARTS 


Rio ey 


ATHER... 


OIL AND GAS...SPECIFY STALWART! 


get a big bonus in service with every order 
...from the time you request a quotation 
... through the design and compounding 
stages... right down to prompt delivery. 
Stalwart produces rubber parts from all 
types of natural and synthetic rubber, in- 
cluding new Viton. Check with Stalwart’s 
Plastic Division for injection molded 
parts to meet those very requirements. 


Send for your 
copy of the 
new Stalwart 
Catalog. 


The Stalwart Rubber Company 
197 Northfield Road + Bedford, Ohio 
Plants in Jasper, Ga., Warren and Bedford, Ohio 
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lengths, piece counting and indexing, 
material feeding, machine travel, depth 
control for drilling and tapping. Auto- 
matic Timing and Controls, Inc., King 
of Prussia, Pa. 

Circle 561 on postcard at end of book 


20-AMP CONTACTOR 


Mega-Switch is a hermetically sealed 
power contactor for relays, machine 
tools and installations where repeated 


contact is required. Contacts are be- 
tween tungsten and mercury. Contactor 
operates with low voltage on primary 
side. Available in various voltages. 
Energy Kontrols, Inc., 15 S. First St., 
Geneva, II]. 

Circle 562 on postcard at end of book 


ALUMINUM ALLOYS 


Sheet and plate alloys offer resistance 
to corrosive perforation by hot water 
at temperatures of 180 F. Clad surface 
of alloy combinations is corrosion-re- 
sistant material; in addition, surface 
provides electrochemical protection to 
core alloys. Aluminum Co. of America. 
798 Alcoa Bldg., Pittsburgh 19, Pa. 
Circle 563 on postcard at end of book 


PNEUMATIC CONTROL OF 
VARIABLE-SPEED DRIVE 


Servotran variable-speed drive is fitted 
with a diaphragm for vacuum or pres- 
sure control. Speed control over range 
from full-speed forward to full-speed 
reverse achieved with pressure range of 
approximately 0 to 10 in. of water. 
Drive can be furnished with smaller 
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LIGHT 


. 


PERMANENMWPIL 
he 


AU, 


ee 
~~) OMNI-GLOW 


ADD GLOW TO THE 
LIFE OF YOUR PRODUCT 


Speed. Mut Pert «46! 


OMNI-GLOW Pilot Lights are 
designed for up to 25,000 
hours of operation—providing 
glow for the life of your 
product. OMNI-GLOW is easily 
attached to panels of any 


Siopped & Tinned *~* 
thickness by a vibration-proof 


speed nut—combining 
permanent fool-proof mounting 
with production economy. 


Ruggedly constructed to with- 
stand rough duty service, 
OMNI-GLOW is available in a 
variety of styles to meet your 
design requirements. Write 
today for a sample and 
detailed catalog. 


Size Dh Nylon Sedy 
Leed Lengin—4's 


Fast, simple, permanent mounting 


through single 1/2” panel hole. Speed- 
nut supplied for tool-less attachment. 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG... 


Industrial Devices, Inc. 
EDGEWATER 11, NEW JERSEY 
Circle 324 on Inquiry Card 


developers of 


PHOTOENGRAVED 
CIRCUITS 


The Proven Process for Top Reliability 


(Y) wmmroveo 
CLEVELAND METAL SPECIALTIES CO. 


Le an: be | AN +t H 
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Are you using 
the new 


PRODUCT INDEX? 


See pages 318 and 319. This new Index 
answers a continuing need, expressed by many 
readers, for a quick method of extracting 
information relating to any material, com- 
ponent or equipment discussed in either the 
editorial or advertising pages. Get acquainted 
with this reference tool. It can save time in 
your data researching. 
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Rm ee 
you JOIN wires 
AEC ASG HON AN 


7 “2 


WIRE CONNECTORS 


perfect for assembly-line wiring 


highest quality, but lower in cost than any other 
way—proved by a large manufacturer that 
cut costs 88%... and others 


easier, quicker to apply—lock on, 
won't shake off—good for your product's life 


high mechanical and dielectric strength 
connection—with special, generous length, all 
plastic shell that resists moisture and chemical 
action—best insulation you can get 


smooth, non-abrasive threads twist and grip 
wires firmly without damage to even the 
finest stranded wires 


fool-proof—scientific knurling provides fast, 
easy twist-on by hand or small power driver 


¢ 5 sizes, approved for 300V and 600V 
(1000V in fixtures) for all production needs 


make 
sure... 


TRY FREE SAMPLE 
ASSORTMENT NOW 


“SPLIT-SECOND” 


CONNECTOR DRIVER 


Low-cost. Provides 
exact twist and right 
tension with stalling 
motor—can't rip 
wires off! Light, 
hand-squeeze con- 
trol—no clutch. 5 
sizes —ask for details. 


IDEAL INDUSTRIES, Inc. 
1180-c Park Ave., Sycamore, Ill. 


Send free sample assortment of ‘‘All-Plastic’’ Connectors. 


ee " —_ matgempienaqeseentiniy — 


Company 


i 


Address 


| 


— State_ 


a 


eeeeeeeeeeeeeeeeee 
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ie | diaphragm for higher working pres- 
sures. Sizes range from 1/1000 to 


1/100 hp to 1/10 hp. Larger 14-hp 

model offered for smaller speed ranges. 
Humphrey, Inc., Humphrey Products 

you can ry te Div., 2805 Canon St., San Diego 6, 


Calif. 


accurate 120 ii Circle 564 on postcard at end of book 


REPLACEABLE-CONTACT 
Laboratory-Type Volt-Ohm-Milliameter CONNECTORS 


DS Series of miniature connectors with 


a insertable and removable contacts is 
In your own p ant— offered in 3,7, 12, 19, 27, 37, and 61 
shell sizes. Available in both square 
a w eS 
without obligation— 


and convince yourself that you won't find a unit comparable to this 
PRECISION instrument for your electronic maintenance requirements 


Now hs 


r PRECISION APPARATUS COMPANY, poe i 3 
70-31 84th Street, Glendale 27, L. 


() We would like to evaluate the ‘Mosel 120 in our own 


Especially designed for industrial and lab- plant—with no obligation, of course. 

oratory applications which require the ut- (J Send us the New Catalog of Industrial Electronic Test 

most accuracy and versatility. It affords Equipment and Panel Meters. ; 

20,000 ohms-per-volt DC and 5,000 ohms- nies flange or bulkhead-mounting recepta- 

per-volt AC sensitivity. 2% accuracy 9 era shen a ete ar : paws. Ma 

Sean ent Gaais end 3% eomeew nti cles and standard or rack-and-panel 
plugs. Alternate insert arrangements 


PACE meter provide +142% accuracy cit ae State 
on alt DC functions and +3% accuracy on pare oa ee Aare vee and clocking positions available. DS 
Series mates with MIL, standard mini- 


all AC ranges. ONLY $55.95 Signed ional Title a 
*One of 25 PRECISION instruments ; ice 
listed in the new 1960 Catalog of Indus- Our Local Electronic Parts Distributor is_ tenes ‘onal meets nt neil require- 
trial Electronic Test Equipment and Panel sel aciiiosaamieeie sa f MIL-C-2 9 
Meters. Write today, for your copy to (please print) ments 0 26482. Current rating, 
Department EM-3 eT eT 7.5 amp per contact. Deutsch Co., 

ae irairesdssedimms Electronic Components Div., Municipal 

Airport, Banning, Calif. 
Circle 565 on postcard at end of book 


TWO-SPEED TIMING MOTORS 
Learn how you may Cam drive uses two 60-cps synchronous 


motors to produce fast and slow speeds 


solve more engineering problems from the same unit. Two-speed cam 


drive, combining two standard-torque 


with Ira Ritow’'s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by engi- 
neer-teacher Ira Ritow offers a really practical treat- 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes 
well-illustrated instructions for the use of all con- motors, is used for recording instru- 
ventional slide-rule scales as well as the circular rule. ments and other applications wherever 
Reprint copies of the complete article with prac- two speeds from same drive unit can 
tice slide rules printed on heavy stock for easy cut- be incorporated into products. Timing 
out are priced at $1.00 each; in quantities of five, 90 motors may be geared to a variety of 
cents each; in quantities of twenty-five, 75 cents each. speeds. Hansen Manufacturing Co., 
See handy order form on page 204. Inc., Princeton, Ind. 
Circle 566 on postcard at end of book 





Laboratory and Engineering Equip- 
ment starts on page 306. 
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ee a 
| Cn 
temperature 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlast silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ous or intermittent operation in oxidiz- 
ing and most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
peratures can be held without com- 
pensating adjustments. 


Kanthal Super elements are available 
separately and in furnaces from all 
prominent manufacturers. Write for 
list and brochure today. 


3 Amelia Pl., Stamford, Conn. 


F thy a eV bee CORPORATION 
Vier 
al 


Can. Rep., Ferro Enamels, Ont., Can. 


Circle 328 on Inquiry Card 


- Electrical Coil Windings 


For 43 years .. . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenve Providence 5, Rhode island 
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STEEL BLUE 
se ad é os Populer Rtted with 


: ‘ 8-oz. can 
making Dies and Bakelite one holding 
> soft-hair brush a 
Tees plying right at ‘ees 
fc metal surface ready for 
layout in a few minutes. 


The at blue ba 
makes the scribed lines 


show up in 
prevents metal “4 
creases efficiency ‘and 
accuracy. 


Whe fer canal 


9 
THE DYKEM COMPANY 
2303F North 11th St. © St. Lovis 6, Me. 


MARCH 1960 Circle 330 on Inquiry Card 


NATIONAL LOCK 
Functional hardware 
for metal cabinets 


61-675 
MAGNETIC CATCH 


“Floating action” ceramic 
type permanent magnet. 
Aluminum housing resists 
heat. Elongated holes 
and extension on housing 
facilitate use where 

shelf is recessed. 


61-385 
TUTCH-LATCH 


Opens door automatically with gentle touch of 
hand. Holds door securely when closed. 
Installation made by “snapping” latch housing 
into pierced hole in cabinet. Strike has 

“snap in” application. 


58-574A 
CONCEALED 
SPRING HINGE 


Toggle spring action 
holds door open 

at 90°position and 
securely closed. 
Eliminates need for 
catch on applications 
not requiring positive 
latching action. 
Rugged. Easily installed. 


CONTINUOUS HINGES 


Offered with equal and unequal wings , . . with and 
without holes, Selection of widths (up to 4”) 

and lengths (up to 96”). Finishes range 

from plain steel to hand-buffed chrome. 


Write us! 
STANDARD AND CUSTOM REFRIGERATOR HARDWARE ® PLASTICS 
THERMOPLASTICS © RANGE HARDWARE © SCREWS AND BOLTS 


“All from 1 source’’ 


INE} wariowat Lock comexiy 


INDUSTRIAL HARDWARE DIVISION 
ROCKFORD, ILLINOIS 
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motion 


into 25,600 
exposures 


per second 


with the 


This new camera, which operates 
at constant speed, offers new 
potentialities in the use of pho- 
tographic instrumentation for 


high-speed motion analysis. 


May we supply further informa- 
tion? Or provide guidance in the 
potential application of Dynafax 
(or any other of the Beckman 
& Whitley High-Speed Cameras) 
to your problems? 


Beckman ¢ Whiley 


SAN CARLOS 11 © CALIF. @ U.S.A. 
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Laboratory 


Engineering 
Equipment 


TRANSISTOR TESTER 


Model 1803 transistor parameter test 
set is designed for measurement of 
small-signal parameters of both n-p-n 
and p-n-p transistors. Set measures h 


parameters for both grounded-emitter 
connections with 
accuracy of 3 per cent. Collector leak- 
age current can be read over range 
of values than 5 millimi- 
croamp to | ma. Range of parameter 
values and bias conditions can be pre- 
set by means of front-panel switches. 
Meters read parameter values and bias 
conditions. Self-contained unit also 
available for rack mounting. Dynatran 
Electronics Corp., 178 Herricks Rd., 
Mineola, N. Y. 


Circle 567 on postcard at end of book 


and grounded-base 


from less 


DISTANCE METER 


Meter Type DM-100 provides readings 
accurate to +2 per cent full-scale de- 
flection. Instrument operates in con- 
junction with non-contacting probes 
to provide a basically linear method 
of measuring distance from 50 micro- 
in. to ¥% in. Distance is read directly 
from meter, full-scale range depend- 
ing upon probe use. Four probes avail- 
able for full-scale ranges of 1, 10, 100 


and 500 thousandths of an inch. Dis- 
lance meter affords means of measur- 
ing distance in precision grinding proc- 
esses, and can be readily adaptea tor 
such applications as dynamic balanc- 
ing. Direct indication of expansion is 
obtained without imposing any load on 
item under observation; changes in 
dimensions can be continuously moni- 
tored or recorded against time or 
temperature. Discrimination _ better 
than 0.5 per cent of full-scale deflec- 
tion. Front-panel outlet provided for 
connection to recorders or servo-con- 
trol systems. Wayne Kerr Corpora- 
tion, 1633 Race St., Philadelphia 3, 
Pa. 


Circle 568 on postcard at end of book 


D-C PREAMPLIFIER 


TDC-1 preamplifier is a low-level, low- 
noise amplifier for static or transient 
measurements of strain, pressure, flow, 
shock, or temperature. Typical appli- 
cations are strain gages, strain-gage 


transducers, bolometers, resistance 
thermometers, or thermocouples. Bal- 
anced push-pull transistor amplifier is 
designed to drive oscilloscopes, gal- 
vanometers, and less sensitive pen-re- 
corder amplifiers. Voltage gains of 
10, 30, and maximum gain posi- 
tion are provided. Input signal is 100 
millivolts max for 1 per cent linearity. 
Response is flat from d-c to 15 ke. 
With self-contained battery. Ramapo 
Instrument Co., Inc., 8 First St., Bloom- 
indale, N. J. 

Circle 569 on postcard at end of book 


OSCILLOSCOPE CAMERA 


“Oscillotron” recording camera fea- 
tures a Polaroid Land back providing 
either 60-sec prints or transparencies. 
Attaches to any 5-in. oscilloscope. Wol- 
lensak 75 mm f/2.8, £/1.9 standard or 
{/1.9 flat-field lenses are interchange- 
able. Camera can be readily convert- 
ed to record a range of object-to-image 
ratios. Accessories include: binocular 
viewing hood; adapter to record up to 
10 traces on a single frame; 35 mm 
pulse camera; 35 mm continuous mo- 
tion magazine; data chamber with 
watch, platen and counter; etc. Beat- 
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THAT'S WHY ENGINEERS . 
TOSS THEIR 

AIR MOVING PROBLEMS 
TO TORRINGTON! 


VRING COMPANY 
Ls the OAKVILLE, ONTARIO 


% 


ie 





save costs, save labor, save design time with 


SORENSEN “SOLDER-IN’S” 


Miniature transistorized, component-type power-packs 
«DC-to-DC Converters (Series QC)» DC-to-AC Inverters 
(Series Qi) + Highly-regulated D-C Supplies (Series QM) 


MORE THAN 180 MODELS! 


@ If you have 117 vac, 60 or 400 cps, available, and need 3-36 vdc regu- 
lated to +0.05% ... @ If you have available standard 6-, 12-, or 28-volt 
d-c sources and... @ If you need 115 vac, 60 cps, at up to 200 watts, 
or... @ If you need 115 vac, 400 cps, at up to 240 watts, or... @ If you 
need d-c voltage in the range 30 to 1000 vdc... 

Then you shouid get complete data on Sorensen miniature transis 
torized dc-to-ac inverters (Series QI), dc-to-dc converters (Series QC) 
and highly-regulated supplies (Series QM). They're completely tubeless; 
no moving parts. They can replace vibrator-type supplies, rotary inverters 
or dynamotors—with greatly reduced weight, size, complexity, and cost. 


Write for bulletins on 
these compact, low-cost CONTROLLED 
power sources, or see your 
Sorensen representative a ae POWER 
Sorensen & Company, Rich- wee a 
ards Avenue, South Norwalk, PRODUCTS 
Connecticut. 9.49 


...the widest line lets you make the wisest choice 


id 3 » 
be #2 
* BE, EAS a 


Visit the Sorensen Booth at the IRE Show—March 21-24 
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tie-Coleman, Inc., 1040 No. Olive St., 
Anaheim, Calif. 
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SHOCK-TESTING MACHINE 


Model 16750 Varipulse Shock Machine 
is used for production and laboratory 
testing of small electronic, electrome- 
chanical, and mechanical components. 
Machine accommodates test — speci- 


mens weighing up to 20 lb and oc- 
cupying an 8-in. cube. It provides ac- 
curate and repeatable half-sine. saw- 
tooth, and square waves; same pulse 
is reproducible from  test-to-test and 
from one machine to another. Machine 
utilizes gravity free-fall principle. 
Varipulse requires only 110-volt power 
source. Machine may be operated 
manually or automatically for any 
specified shock pulse. When resilient 
pads for half-sine pulses are used, 
elevator table is mechanically caught 
at peak of rebound to assure singie, 
undistorted pulse. Drop heights may 
be preset for both manual and auto- 
matic cycling. Barry Controls, Inc., 700 
Pleasant St., Watertown, Mass. 
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TEN-TURN POTENTIOMETER 


Model 0610M is a 1%-in.-diam poten- 
tiometer which meets environmental 
requirements of MIL-E-5272B and 
NAS 710. Units available in conven- 
tional resistance values to 100 k ohms 
as well as in nonlinear versions. Stop 
torque limits, 25 in.-oz; power rating, 
2.5 watts at 60 C. Available in linear- 
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GEARMOTORS 


5 Basic Sizes 


@ Speed u 
to 200 RPM 


@ Power up to 
40 in. Ib. 


@ Open or enclosed | 


case 
®@ Continuous or 
intermittent 


@ Machine cut gears | ~ 


@ Finish ground 
shafts 

@ Millions in use 

@ Prompt delivery 

@ Special 
features 
available ~ 


ENCLOSED 
TYPE 
MOTOR 


@ Samples at once 
@ Ask for our literature 


Millions of Ts also —— and pro- 

uces high frequency motors, gener- 

Motoresearch ators, rectifier type power supplies 

Gearmotors and other Special Electrical Equip- 
now in use! ment. We invite your inquiries. 


lo R esennci COMP “is 


RACINE, WISCONSIN 
Designers and Manufacturers of 


SPECIAL ELECTRICAL EQUIPMENT 
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ethode 


“RELI-ACON”’ 
CONNECTORS 
tor Immediate Delivery! 


FD-700 
Series 


3/32” and 1/8" 
CARD RECEPTACLES 
MiIL-C-21097 Locking Device 


(optional) 


ge F ana 
Lai 


“RIGHT ANGLE” 


MALE CONNECTORS | 
with pin termination t 
t 


Write for detailed information and illustrated brochure 


Py del: eee | San er 


Manufacturing Corp. UNderhill 7-9600 
7447 W. Wilson Ave. e Chicago 31, Ill. 


threaded 
| mounting 
i grommets 
! 
| 
| 
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CONTACT 
QUALITY 


All Deringer contacts are 100% 
guaranteed to meet all specifica- 
tions. Frequent inspection dur- 
ing production and thorough 
final inspection make this 100% 
guarantee possible. 


and expanded services include 
silver cadmium oxide contacts, 
precious metal stampings, weld- 
ing and staking assemblies, 
many secondary operations, etc. 


DELIVERY 


faster than others can process 
an order. When speed is im- 
portant, specify Deringer. 


All Deringer contacts are com- 
petitively priced. You pay no 
premium for the Deringer 100% 
quality guarantee and faster de- 
livery. 


CONTACT CATALOGS 


FREE ...write today. 300 
standard size contacts are listed 
plus valuable information re- 
garding precious metals, special 
contacts, etc. 


Metallurgical Corporation 
8131 Monticello Ave., Skokie 6, Ill. 
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They “‘go easy” on 
commutators and slip rings! 


By no means the least of the many 
advantages of Stackpole Quick-Filming 
Brushes is their ability to eliminate a 
great deal of maintenance and equip- 
ment reconditioning. The uniform dis- 
tribution of their high-altitude protec- 
tive ingredients avoids grooving 
commutators and slip rings—and, in 
many cases, adds greatly to operating 
stability at elevated temperatures. 

Five Stackpole Quick-Filming Brush 
Families—each with countless modifi- 
cation possibilities—cover practically 
any high-altitude brush application, 
present or pending. No sea level break- 
in filming run is needed. Commutation, 
stability and life are excellent through ~ 
an exceedingly broad range of oper- 
ating conditions. Brush temperatures 
are held to a lower, more stable level. 


W rite for High Altitude Brush Bulletin. 


Quick-Filming Brushes 


for high-altitude services 


Electrographitic, ‘Concentrated moly.”’ 
Metal Graphite, Treated Copper-Graphite 
and Treated Silver-Graphite grades in the 
first complete line for maxi- 
mum performance with no 
sea level filming run. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


ROCKET NOZZLES e¢ BRUSHES for all rotating electrical equipment e ELECTRICAL CONTACTS 
BEARINGS @ GRAPHITE CHEMICAL ANODES ¢ GROUNDING ANODES e TURBINE RINGS e@ PUMP 
VANES e@ SEAL RINGS @¢ VOLTAGE REGULATOR DISCS e CERAMIC MAGNETS e FERROMAGNETIC 
CORES e FIXED & VARIABLE RESISTORS .. . and many other carbon, graphite and metal power products. 
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ity to 0.05 per cent. Analogue Controls, 
Inc., 200 Frank Rd., Hicksville, N. Y. 
Circle 572 on postcard at end of book 


| RECORDER TIME BASE 


AND AMPLIFIER 


HRT-1 time base provides seven rates 


| of sweep voltage for use with X-Y plot- 


ters. Rates available from 0.5 milli- 
volts per sec to 50 mv per sec with 2 


| per cent accuracy. By resetting re- 
| corder attenuator, sweep rates may be 


reduced to 1000 sec with some loss in 
linearity. Starting and resetting may 
be accomplished by panel switch or 


single remote contact. A switch is pro- 
vided to stop and later resume the 
sweep at any time. 

By rotating panel selector to ampli- 
fier position, the unit becomes a multi- 
purpose chopper-stabilized d-c ampli- 
fier. Current or voltage sources deliver 
either amplified current or voltage out- 
put by use of proper shunts. Used with 
a standard 10 mv per in. X-Y recorder, 
sensitivities up to 10 in. per mv are 
obtainable. Houston Instrument Corp., 


| 1717 Clay Ave., Houston 3, Texas. 
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SOLID-STATE 


| POWER SUPPLIES 

| Model CA-1263-12 delivers 600 or 306 
| volts d-c at 200 or 400 ma from a 12.6- 
| volt d-c input; size is 444 x 334 x 2% 


| in. Model CA-12105-10 supplies 1000 


or 500 volts d-c at either 100 or 200 ma, 
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TONOX 


EPOXY CURING AGENT 


for encapsulating 
electrical components 


gives LONG POT LIFE 


@ high strength 
® high heat distortion point 


@ minimum vapor hazard 
and skin staining 


@ low cost ® thigh moisture resistance 


Write for information 


Naugatuck Chemical 


Division of United States Rubber Company 
358X Elm Street, Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 
CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Elmira, Ontario - CABLE: Rubexpert, W. Y. 
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WIRES 


Yl 
GAGE 


Brady Pressure-Sensitive, All-Temperature Wire 
Markers for small gage wires are exactly 34” long 
to fit wires under 14,” 0.d. They cut your small 
gage wire marking costs in half because: 

1. They cost half the price of Standard Markers, and 

2. They go on the wire twice as fast. 
You can’t drop Brady Wire Markers — they stick 
to your finger from Card to wire.* Stick and stay 
stuck — at temperatures to 300° F.! Choose from 
over 3,000 different stock markers—both Standard 
and Small Gage Size. Stocked by Brady Distributors 
in all principal cities. Specials made to order. Write 
for big new bulletin and free testing samples today! 
*Remember, too, Brady makes the only marker that can be 
machine applied. 


W.H. BOHOG CO.,795 West Glendale Ave., Milwaukee 9, Wis. 


Manufacturers of Quality Pressure-Sensitive Industrial Tape Products, 
Self-Bonding Nameplates, Automatic Machines for Dispensing 
Labels, Nameplates, Masks and Tape e Est. 1914. 94 
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ELEC rRICA 
PORCELAIN 


Produced to meet your 


individual requirements 





Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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Can't get G6G6-FRAME motors? 


WILL 


ALWAYS 
BUILD THEM! 


N.E.M.A. 66-frame shaft height and mounting 





hole locations. 


LOW COST high production 56-frame motor 
components. 


¥"’ DIA, Shaft extension permitted by oversize 
bearing on shaft end. 


3 MOUNTINGS — rigid or resilient base or 
Type C machined face. 


4 TYPES ~— open, totally-enciosed, fan-cooled 
and explosion-proof models. 


DOERR OFFERS: WT id 


Standard and special motors from 

1/30 to 15 hp. in face and flange 
mountings. Drip-proof, totally en- 
closed and explosion-proof types ELECTRIC 
available. Also brakemotors and CORPORATION 
right-angle gearmotors. 


95 N. FOURTH AVE. 


| Write for complete data CEDARBURG, WIS. 
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Reliable 
RELAYS 


for exacting 
reguirements | 


Class 22T—hos twin (bifurcated) contacts for 
extremely low voltage low current switching. 


Class 22R—hos heavy 10 ampere contacts for 
multiple circuit power switching. 


Class 22D—has 20 ampere SPST contacts tor 
power switching with sensitive operation. 


Class 22SA—has 10 ampere SPDT or DPDT con- 
tacts for sensitive snap action switching 
Class 22 Relays are availoble with a wide 
selection of special contacts in combinations to 
6PDT for DC and DPDT for AC operation. 
Practically all above relays available with 
operate delay or release delay; with printed 
circuit or taper tab solderless terminals; plug-in 
mounting; removable dust cover; dust tight or 
hermetically sealed enclosures. 


Send for Catalog 160 


EV ea 


Electric Company 
3350A W. Grand, Chicago 5], Ill. 
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respectively, from an input of 12.6 volts 
414, x 21% in. For 
both, ripple is 0.4 per cent max; tem- 
perature range is 55 to +60 C. 
Kupfrian Manufacturing Corp., 370 
State St.. Binghamton, N.Y. 
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COLOR-DIFFERENCE 
METER 


Series 200 AC-2a instrument indicates 


d-c; size is 4%, x 


color differences on any of four tristi- 
mulus seales based on luminosity or 


reflectance. Uses include analysis of 


a 


colorimetric aspects of — chemical 
changes, oxidation, ete.. upon various 
materials; detection of color differences 
due to new batch blending, aging. heat 
and light exposure. Three null-balance 
circuits produce precise measurements 
of whiteness vs blackness, redness vs 
greenness, and yellowness vs blueness. 
Gardner Laboratory Inc... Box 5728. 


Bethesda 14, Md. 
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X-Y RECORDER 

Autograf recorder, Model 2D, operates 
directly 
nates the need for an extra a-c con- 


from a transducer and elimi- 


verter. D-C ranges provide accuracy and 
resolution of better than 0.2 per cent. 
Input range is 7.5 mv to 150 volts on 


Y-axis: 5 mv to 100 volts on Y-axis; 


Y-axis time base (5 steps) is 7.5 to 


200.000 
ohms volt. Recorder provides zero off- 


750 sec. Input resistance is 
set and vacuum paper hold-down. Pen 
speed is 20 in./sec for each axis. Aec- 
cessories available include digital char- 
acter printer, curve follower and con- 
tinuous roll chart transport. F. L. 
Moseley Co.. 409 No. Fair Oaks Ave.. 
Pasadena, Calif. 
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SOLID-STATE POWER SUPPLY 


Series 300 supplies furnish a variable 
output of 110 to 325 volts d-c at 200 
ma (illustrated), 400 ma, 800 ma and 
1500 ma with 0.1 per cent load and 
0.1 per cent line regulation. The 200. 
400 and 800 ma units occupy 31% in. of 


Why you can buy 
TOLEDO 
COMMUTATORS 


for less than the cost 
of manufacturing 
YOUr OWN......+- 


Toledo Commutator Co. can deliver 
the finest quality precision commu- 
tators and collec- 
tor rings, on schedule, for less actual 
money than it costs to manufacture 
your own for two reasons: One— 

our engi- 
neering, our shops, our production 
lines and our inspection procedures 
are geared only to the manufacture 
of commutators and collector rings. 
you buy your ccmninebahors and 
collector rings from us, you need no 
investment in extra equipment or 


inventory and have no scrap. 


If your product requires a commu- 
tator or collector ring and you are 
presently manufacturing your own, 


it will pay you to consult a Toledo 


prices and 


catalog #65. 


quality products 
since 1895 


toledo 


commutator co. > 


Owosso 6, Michigan 
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Western Electric reports... 


PROPERTIES OF “MYLAR” 


“‘Mylar’’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 


HIGH DIELECTRIC STRENGTH: Aver- 
age of 4,000 volts per mil}...average 
power factor of 0.003 at 60 cycles. 


SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents. 


Du Pont MYLAR* cuts capacitor costs 


PROBLEM: Western Electric was search- 
ing for a dielectric material which, when 
used in film-foil construction, would 
lower manufacturing costs. 


SOLUTION: Du Pont ‘“‘Mylar’’* polyester 
film. According to Western Electric, the 
moisture resistance of ‘“‘Mylar’’ mini- 
mized the need for costly encapsulation; 
high dielectric and physical strength in 
thin gauges helped reduce over-all size; 


capacitance stability under normal volt- 
age stress maintains long life. 


RESULTS: Capacitors insulated with 
‘*Mylar’”’ provide excellent performance 
for selected types of equipment pro- 
duced by Western Electric. These new 
capacitors achieve high reliability and 
long life. Materials savings have been 
realized through reductions in size and 
use of less costly encapsulation. 


HOW CAN “MYLAR” HELP YOU? Whether 
your product uses miniaturized capaci- 
tors or heavy-duty cables, it will pay 
you to investigate the performance bene- 
fits of ‘‘Mylar’’. . . and products made 
with ‘“‘Mylar’’. Component makers find 
this tough, thin polyester film will often 
cost less on an area basis than present 
insulating materials. For more detailed 
information, send in the coupon. 


See Du Pont specialized films for the electronics industry—Booth 4329A, 4329B, I. R. E. Show. 


*“MYLAR” is Du Pont’s registered trademark for its brand of polyester film, 


tPer ASTM D-149. 


E. I. du Pont de Nemours & Co. (Inc.) 

Film Dept., Room _..-.. Nemours Bldg., Wilmington 98, Del. 
Please send booklet listing properties, applications 

and types of “‘Mylar’’ polyester film available. 


REG us. pat OFF 


BETTER THINGS FOR BETTER LIVING. . . THROUGH CHEMISTRY 


DU PONT Application 


MYLAR 


POLYESTER FILM 


Name _ - Title 
Company 
Address 
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have tuermostaric BIMETAL 


ACTUATES ANOTHER PRECISION PRODUCT 


DIBE RT 


PRESSURIZER 


Patents Pending—-U SA and Conodo 


A Product of Vamco Mfg. Co., Vassar, Michigan 


Today's home is usually sealed up tight by storm windows, preventing 
furnaces from performing properly, decreasing vital oxygen while 
increasing harmful carbon monoxide. The Dibert Pressurizer may be 
attached easily to any forced air furnace to control the volume of fresh 
air thermostatically. All fresh air is pre-heated before it enters the 
blower compartment and is blended with the circulating air in the 
heat runs. Results include more efficient combustion, fast elimination 
of cooking odors and gases, and a complete change of air in the home 
from four to eight times each 24 hours. The actuating element is 
Chace Thermostatic Bimetal. 


Here is a good example of "‘a little bit goes a long way”’ for no other 
type of control has been designed to compare to the compact, reliable, 
efficient and low-cost bimetal-actuated controls which serve in proven 
hecting systems all over the world. Like watch design, where the 
principal difference in quality may lie in the number of minute jewelled 
bearings, the inclusion of an ounce (or much less) of precision Chace 
Thermostatic Bimetal in a control design can mean the difference 
between years of carefree operation or constant irritating and costly 
repairs. Vamco joins the distinguished ranks of the world’s leading 
manufacturers by specifying bimetal backed by Chace’s third of a 
century of development and precision methods. 


Send for our booklet, “Successful Applications of Chace Thermostatic 
Bimetal."’ It contains many pages of valuable design data and ex- 
amples of bimetal usage, well-illustrated. Over 30 types of Chace 
Thermostatic Bimetal are available in strips, coils and completely 
fabricated elements of your design. 


W. M. CHACE CO. 
ENS Tee Vev most VItl's 


1608 BEARD AVE., DETROIT 9, MICH. 
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panel height. The 1500-ma supply has 
544 in. high panel. Remote program- 
ming provided on all units. Trygon 
Electronics, Inc., Pleasant Ave., Roose- 


vr LL, Y% 
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ELECTRONIC WATTMETER 


Wattmeter Model 1483 gives accuracy 
and resolution down to 0.01 per cent 
of rated input. Output of instrument 
is low-impedance d-c current that can 


be used to actuate digital meters and 
drive strip-chart recorders. Ranges are 
250/500/1000 watts. Input current, 5 
amp normal and 10 amp max; po- 
tential, 50/100/200 volts normal and 


75/150/300 volts max; output, 1 ma 
in maximum output burden of 5000 
ohms (5 volts). Frequencies (d-c and 
a-c) 40 to 1000 cycles. Higher fre- 
quencies and other ranges available. 
Approximate dimensions are 20 x 14 
x 10 in. Daystrom-Weston Sales Div.. 
Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 12, N. J. 
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—————— 


Postcard return forms are provided 
at end of book as a convenience to 


the reader in obtaining 


New Components and Materials 
Additional data from the sup- 
plier of any item reviewed. 

Literature for the Design 

Engineer 
A copy of any manufacturer's 


publication reviewed. 


Feature Article Reprints 
Single copies of selcted feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described. 
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METAL 


TERMINAL 


TAGS 


(\-WIRES MARKED 
PERMANENTLY... 


fb K\\ by 
ee 
P 


METAL IDENTIFICATION TAGS OF 


EVERY DESCRIPTION FOR MARKING CABLES, 


LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication er mark the end of identification problems! Made 
of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 


From 


Illinois Tool Works’ 


unique family 
of gears 


LZ 


SPIROID® GEARS 


new gear economies 
with new gear efficiencies 


Shown here are typical examples of 
outstanding developments in right- 
angle gearing introduced by Illinois 
Tool Works. Pictured aboveis a Spiroid 
gear, the first major advancement in 
gearing in thirty years. 


SPIROID® GEARS do the same job 
as worm gears with this notable excep- 
tion: they do it more economically and 
more efficiently in less space. They are 
recommended for application in the 
field of medium to high-ratio right-angle 
gearing. For maximum economy they 
may be sintéred, molded or cast in 
metal or plastic; however, even 
hardened steel Spiroid gears for maxi- 
mum power transmission are manu- 
factured more cheaply than worm gears. 

PLANOID® GEARS are low-ratio 
gears competitive with bevel and hypoid 
gears in efficiency and performance, 
but are manufactured at lower cost. 


HELICON’ { 


GEARS bring even 
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-—FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 





EASY TO APPLY «¢ NO TOOLS REQUIRED 


greater production 
economy to high 
quantity applica- 
tions than is pos- 
sible with face, bev- 
el or worm gears. 


HELICON’® GEARS 


Alana wet) az) 


KALLE aa LL ee) 


Send today for these new gear 
booklets Free booklets are available giv- 
ing complete information on the design, 
manufacture, applications and advantages 
of each of these gears. Request your copies 
today. 


“GLASS. TIPPED” ‘SET SCREWS 


GLASS—Hard, Dense, 


Smooth, Concentric, 
Hemispherical 

Sample laboratory kit 

of 12 of each stock 


SCREW—Stainless Steel, 
Slotted, Ground Threads, a 
item (60), $7.50 post- 
paid U.S.A. and Canada 


Sizes 4, 6, 8 N.F. & N.C. Spiroid’ | 


IN STOCK—4-48 in O.L.’s. of 
Tho, Ye, %, 46 & 1,” 


HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


Specializing in Glass Coated Metals for Electrical Insulation 


ge ars | .. penny 


SPIROID DIVISION OF Py t 
ILLINOIS TOOL WORKS iT 
2501 North Keeler Avenue Chicago 339, lilinois W 
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All the math you need 


to design and analyze 
SERVO SYSTEMS! 


Here is your chance to catch up with the basic mathe- 
matical principles that underlie the design of servo- 
mechanisms and closed-loop systems. 


If you need a complete, but concise, explanation of the 
principles involved in the application to servo design of 
such techniques as Laplace transforms, transfer func- 
tions, Nyquist plots, Bode diagrams and root-locus 
analysis, they are all contained in Ira Ritow’s 6-article 


series on 


Single copy 


$3 


5 or more 


$2... 


Postage Prepaid 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—featured in ELEC- 
TRICAL MANUFACTURING April through 
September—has been acclaimed an outstanding 
contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol and modern appliances. 

To meet the continuing demand for reprints, 
the entire series has been combined in a 64-page 
case-bound reference manual. All articles are 
presented in complete form. The book includes 
a pertinent bibliography, an interpretive intro- 
duction by Staff Editor John Riggs, and Control 
System Representations, a two-page chart (from 
the December 1959 issue of ELECTRICAL 
MANUFACTURING) showing seven basic con- 
trol-system element classifications and their 
various common representations. 

Order your personal copy now. Better yet, 
take advantage of the cost-saving quantity dis- 
count and combine orders for your associates. 


ORDER FORM 


ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N.Y. 


Please send me 


copies of the 64-page bound reprint of the 


Ira Ritow series on AUTOMATIC CONTROL SYSTEM DESIGN. 


I enclose remittance (C1) Check: (1 Cash) in amount of $ 


NAME 
COMPANY 


ADDRESS 


TITLE 


Here’s a quick run-down 
on the Ritow series .. . 


PART 1—Defines complex numbers 
and explains their algebraic manipu- 
lation. Also discusses the functions 
of complex variables, their integra- 
tion and differentiation, as well as 
the principles of residues in the study 
of analytic functions. 


PART 2—Here the author deals with 
a mathematical technique much used 
in the design of control systems; i.e., 
Laplace transformations. The article 
tells how the Laplace transform is 
used to solve a differential equation. 
Impulse functions and the Z trans- 
form are also reviewed with exam- 
ples of their use. 


PART 3—Having established the 
underlying mathematical principles, 
the author takes up here the fre- 
quency response and transfer func- 
tions of various devices and compon- 
ents used in servo systems. Pertinent 
examples discussed are the transfer 
functions of a pressure transducer, 
a tachometer generator and similar 
devices. 


PART 4—How the transfer function 
of a system is used in determining 
stability and response is the topic of 
this fourth part. Discussed here 
also are system analysis using the 
Nyquist criterion and the Bode dia- 
gram, together with examples of how 
system performance might be im- 
proved by specific design changes. 


PART 5—Here the author takes up 
the system equation (which relates 
output to input directly) and shows 
how this method is used to determine 
stability and performance. Various 
means (including Lin’s method) of 
solving the system equation are given. 
Also discussed here are Routh’s cri- 
terion for stability and the effect of 
transient response and error con- 
stants. 


PART 6—A description, with perti- 
nent examples, of the use of the 
root-locus method of system per- 
formance analysis. More sophisti- 
cated than other methods, the root- 
locus is also the fastest because of 
its use of graphical approximations 
in predicting transient response. 
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SRSA RRAU LATS 


Encapsulated Cotton Interweave 


Bobbin oT A ol Lale) Shown above are some of the many 
Paper Interleave High Temperature Rogan knobs available from 
stock molds. Fast delivery. 
at mae aT Special shaft holes at nominal cost. 


specifications for quotation. Send See Gras andenteleg. 


TRANSFORMERS MADE TO ORDER maareien 
THE DANO ELECTRIC COMPANY | 8027 N. Monticello + Skokie, Illinois 


93 Main Street « Winsted, Conn, 
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TVPE “FT" TYPE ““FTS” 
<a 
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CURTIS 
TERMINAL BLOCKS 
Tol 
EVERY PURPOSE 


in Factory Assembled 
and Kit Form 


se iad 
AGASTAT r BOOTH 2313 
Radio Engineering Show 
New York Coliseum 
for every time/delay/relay application New York City 


March 21-24 
Here’s what you get with every Agastat time/delay/relay | EL 


e@ Easy adjustment — 


Repeatable accuracy 


Unaffected by voltage variations 


* 
e@ Instantaneous recycling 
* 
s 


; eno folate a) ed 
Low power consumption o\ (Aneel BESPn nis es | 
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GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find a | _ od 
out how Agastat can help you to solve your time delay problems. Write TYPE “MT 
to Dept. A35-321. 
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COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Brakes—218e, 268e 
Capocitors—38, 163, 205, 237, 254e, 296e 
Clutches—222e 
Contact devices 
Brushes and brush holders—231, 239, 245, 
250e, 301, 310 
Commutators—245, 278e, 312 
Contacts and contact points—309 
Slip rings—250e 
Control systems—212, 220e, 230e, 243, 275 
Cooling equipment—236e, 252e 
Counters—160e, 198, 269, 300e 
Electron tubes 
Phototubes—221e 
Receiving—230e, 321 
Special—297 
Fans and blowers—229e, 307, 320 
Filters—158e 
Heating elements—216e, 224e, 290, 305 
Lights, indicator—258e, 303 
Magnetic amplifiers—132e, 192, 236e, 260, 
264, 275 
Magnetic components 
Bobbins and core boxes—212, 240, 284 
Coils and windings—87e, 150e, 242e, 246e, 
305, 317 
Cores—201, 229e, 238, 277 
Permanent magnets—201, 299 
Shielding—253e 
Meters, panel—188, 214e, 283 
Microwave devices—268e, 270e 
Modular assemblies—256e, 276 
Potentiometers—218e, 272e, 282e, 296e, 
308e 
Printed circuits—303 


Protective devices 
Circuit breakers—16, 214e, 223, 246¢e, 
276e 


Fuses—185 
Thermal—167, 214e, 22le, 292e 


Reactors—243 
Relays 
General purpose—66, 196e, 211, 266, 282, 
312 


Industrial—226e 

Mercury—218e, 276 

Special—57, 155, 214e, 224e, 270e, 288 

Telephone—256 

Time delay—157, 178, 216e, 258e, 292e, 
294, 297, 317 


Resistors—25, 42, 179, 214e, 244, 250, 258, 
284 


Seals and terminals, hermetic—286e 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter "e" with page number indicates editorial mention. 


Semiconductor devices 
Photocells—240e, 280 
Rectifiers and diodes—19, 39, 47, 189, 
214e, 236e, 237, 241, 246e, 288e, 293, 
294e 
Transistors—206 238e, 248e 
Varistors—32 
Servo components—Back cover, 164e, 230, 
238e, 240e, 264e, 272e, 280, 286e 


Solenoids—155, 246 


Switches 
Controllers and contactors—72e, 214¢e, 
220, 221, 226e, 266e, 301, 302e 


Limit—164e, 187, 226e 
Mercury—208, 218e 
Pressure—214e, 284e 
Proximity—164e, 229e 
Pushbutton—49, 199, 226e, 248, 298e 
Rotary—282e 
Snap action—174, 199 
Stepping—155, 211, 322 
Toggle—236e 

Timers—173, 181, 252, 253 


Transducers 
Linear displacement—220e, 238e 
Special—222e, 264e, 274e 
Thermocouples—222e, 229e 
Transformers 
Electronic—24, 200, 226e, 264, 290 
Valves, solenoid—224e, 238e 
Wire and cable—52 
Coaxial—272 
Hookup—44, 52, 216 
> 29, 37, 52, 63, 180, 193, 235, 


’ 


Power—44 
Resistance—45 
Wiring devices 


Connectors—inside back cover, 55, 154e, 
278e, 287, 289, 296, 300, 303, 304e, 309 


Cord sets—14, 17 

Plugs and jack—260e, 264 
Terminals—190, 222, 301, 315 
Terminal blocks—278, 317 


COMPONENTS, 
MECHANICAL/STRUCTURAL 
Actuators—216e 
Bearings—1, 53, 61, 224e, 226e, 251, 264, 
273, 278e, 286e, 288e 
Conduits—232 
Counters—268e 
Couplings—230e, 260, 264 
Fasteners 
Bolts and nuts—59, 209, 226e, 280e, 300 
Pins—209 
Quick-operating—240e, 242e, 274e, 305 


Rivets—209 
Screws—161, 224, 248e, 315 

Gears—93e, 217, 315 

Housings and enclosures—22le 

Knobs, handles—218, 264, 317 

Mounting hardware—166e, 214e, 298e, 300e, 
305 


Nameplates—296e 

Plastics parts—33 
Pulleys—260 

Rings, retainer—240, 281 
Seals and gaskets—226e 
Springs—214e 

Trim—220e 

Universal joints—260e, 294e 


COMPUTERS AND COMPUT- 
ING COMPONENTS 


60, 220e, 222, 224e, 226e, 229e, 240e, 250e, 
254e, 256e, 276e, 279, 284e, 290 


DRAFTING MATERIALS AND 
EQUIPMENT 


Reproduction papers—232e 


DRIVES 


Electric—41 
Mechanical—220e, 222e, 245e, 260 
Variable speed—302e 


INSTRUMENTS AND TEST 
EQUIPMENT 

Amplifiers—22le, 226e, 306e, 310e 
Calculators—292 

Environmental chambers—216e, 22le, 297 
Generators, electronic—190, 22le 
ies 31, 222e, 304, 306, 306e, 312e, 


4e 
Oscilloscopes—286 


Power supplies—153, 183, 218e, 220e, 22le, 
226e, 229e, 242, 266, 308e, 310e, 312e, 


Recorders—218e, 224e, 312e 
Shock and vibration—308e 


Special test equipment—13, 200, 214e, 218e, 
222e, 298, 306, 310e 


Tachometers—169, 218e, 248, 294e 
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MATERIALS, 
ELECTRICAL/ELECTRONIC 


Contact materials—68, 184 
Insulation and dielectrics—80e 


Casting resins—23, 67, 186, 224e, 311 
Ceramics and glass—245e, 271 
Elastomers—229e 
Fabrics—219, 225 
Fluids—216e 
Laminates—33, 35, 63, 197, 253e, 255 
Molding compounds—48, 256 
Paper—226e 
Plastics—264e 
—s 50, 67, 213, 226e, 229e, 266e, 
Tubing—216, 259, 268, 274 
Varnishes—62, 233, 252e 

Magnetic materials 
Magnetic powders—201 

Solder and flux—220e, 284, 290e 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—260e, | 
297 


Brazing alloys—14e 
Metals 


Alloys, general—249, 302e 
Aluminum—58 


Copper, brass, bronze—177, 191, 249 
Nickel and Ni-alloys—203 
Steel—265 
Tin—280 

Metal forms 
Clad metals—257 
Powder—21, 139e 
Thermostatic bimetal—314 
Wire—257 

Non-metallic materials 
Lubricants—226e 

Protective coatings 
Chemical—51 

Thermal insulation—22le, 225, 236e 


MOTORS AND GENERATORS 
Fractional-hp motors—129e, 224e, 262, 270 


Gearmotors—Inside front cover, 65, 159, 169, | 


229e, 285, 309 

Integral-hp motors—27, 72e, 215, 262, 270, 
291, 311 

Special—2, 22, 169, 175, 210, 222, 229e, 
238e, 285, 304e, 311 


PRODUCTION EQUIPMENT, 
TOOLS 


Layout fluid—305 

Marking devices—311, 315 

Pliers—182 

Processing equipment—54, 218e, 245, 319 
Soldering irons, equipment—254 

Wire strippers—172 

Wiring machines—301 


SERVICES 


Metal fabrication—170, 195 

Other fabrication—208, 224, 267, 302, 311 
Plastics fabrication—247 

Systems design—202 
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FREE ANALYSIS 


OF YOUR SMALL METAL PARTS 
WELDING PROBLEMS 


5400 Pigtails Assembled and Welded per Hour! 


PROBLEM: join copper pigtails to brass resistor caps at highest possible 
rate, lowest possible cost, and with maximum production efficiency. The 
method previously used was mechanical staking which resulted in inferior 
joining. 

SOLUTION: a Raytheon Welding Analyst recommended — and Raytheon 
designed and built — a fully automated precision welding system. 


RESULT: pigtails welded at the rate of 5400 per hour, with consistently 
excellent electrical, electromechanical and en- 
vironmental characteristics. 


HOW YOU CAN BENEFIT: 

If you have a small metal parts joining problem, 

see your Raytheon Welding Analyst. He will be 

happy to help you—without cost or obligation. Mail 

the coupon below for full details. Excellence in Electronics 


i TO: RAYTHEON COMPANY 
1 COMMERCIAL APPARATUS AND SYSTEMS DIVISION 
i MANCHESTER, NEW HAMPSHIRE 


(0 Please send me literature on Raytheon Welding 


MAIL THIS Systems. 
Please have a Raytheon Welding Analyst contact me. 
COUPON ss 
My problem is: (describe metals, thicknesses, type of 
FOR FREE pert, ote.) 
ANALYSIS 


—without 

cost or 

obligation. ccc cules 
CONTI acces 


Pierce piarreniiinnmeernnneaecinenimanmnntianagsiipeiiaas 


CITY STATE - anit 
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YOUR EQUIPMENT 
DESERVES BUFFALO 
QUALITY BLOWERS! 


There are 3 simple checks to be 
sure that the blowers you design 
into your product are right. Cer- 
tainly, a blower should last the 
life of the equipment. Certainly, it 
should deliver rated capacity. And 
it should be compact, trouble-free 
and efficient. 


Buffalo, builder of every type of 
fan for both Original Equipment 
and for major air handling systems, 
has designed this “Q” Factor* of 
Quality into every fan bearing the 
name. For this reason, a Buffalo 
Fan, designed for the job, is your 
assurance of superb, worry-free per- 
formance in the air-moving function 
of your equipment. 


BUFFALO 
TYPE "&” 
BLOWERS 


For medium-volume, medium-pres- 
sure applications, there is no better 
buy than “‘E”’ Blowers. Husky 
housings, interchangeable for clock- 
wise or counter-clockwise rotation. 
Wheels available in Cast Iron, 
Stainless, Everdur, Brass or Alu- 
minum. Capacities to 5500 cfm; 
pressures to 1% psi. Compact, 
direct-connected arrangement for 
best installation. Write for Bulletin 
FI-410 and judge for yourself. 


*The “Q” Factor — the built-in 
Quality which provides trouble- 
free satisfaction and long life. 


BUFFALO FORGE 
COMPANY 

214 Mortimer Street Buffalo, N.Y. 

Buffalo Pumps Div. Buffalo, N. Y. 


Canadian Biower & Forge Co., Ltd. 
Kitchener, Ontario 


Sales Representatives in ali 
Principal Cities 


industrial Exhausters 
Belted Vent Sets « Propelier Fans 
“&” Biowers-Exhausters 
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INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the convenient 
Reader Inquiry Service postcards at end of book—or write directly to advertiser. 


A'G'A Div., Elastic Stop Nut Corp. of 
America 317 

AMP Incorporated 

Acme Wire Co., The 

Adams & Westlake Co., The 


Air Express Div. of Railway 
Agency 


Akron Porcelain Co. 
Allen-Bradley Co. 

Allied Research Products, Inc. 
Allis Co., The Louis 
Aluminum Company of America 
American Brass Co., The 
Amperex Electronic Corp. 
Amperite Co., Inc. 


Amphenol-Borg Electronics Corp.. 
Cable & Wire Division 
Connector Division 


Amplex Div., Chrysler Corp. 20, 
Anaconda Wire & Cable Co. 234, 
Arnold Engineering Co., The 
Arrow-Hart & Hegeman Electric Co., 

The 220, 
Assembly Products, Inc. 


Automatic Electric, Sub. of General Tele- 
phone & Electronics 


Baldor Electric Co. 

Barber-Colman Co. 

Beckman & Whitley Inc. 

Belden Manufacturing Co. 

Bell Telephone Laboratories 

Blue M_ Electric Co. 

Bodine Electric Co. 

Brady Co., W. H. 

Bridgeport Brass Co. 

Buchanan Electrical Products Corp. 

Buffalo Forge Co. 

Bulova, Industrial & Defense Sales 13 
Burndy, Omaton Div. Inside Back Cover 


Bussmann Mfg. Div., McGraw-Edison 


Co. 


Cannon Electric Co. 

Carborundum Co., Refractories Div. 

Carter Motor Co. 

Century Electric Co. 

Chace Co., W. M. 314 

Christie Electric Corp. 183 

Clare & Co., C. P. 5 Se 

Cleveland Container Co., The 268 

Cleveland Metal Specialties Co. 303 

Products Co., Inc. 
Back Cover 


Comar Electric Co. 282 


Clifton Precision 


Continental-Diamond Fibre, A Sub. of 
The Budd Co. 35 


Control, A Div. of Magnetics, Inc. 243 
Coors Porcelain Co. 267 
Cornell-Dubilier Electric Corp. 205 
Cosmo Plastics Co. 212 
Coto-Coil Co., Inc. 305 
Cramer Controls Corp., Electrome- 
chanical Div. 173 
Crouse-Hinds ie 55 


Curtis Development & Mfg. Co. 317 


Curtiss-Wright Corp., Components Dept., 
Electronics Div. 294 


Dano Electric Co., The 

Davies Molding Co., Harry 

Daystrom, Inc., Weston Instruments 
Div. 

Dennison Manufacturing Co 

Deringer Metallurgical Corp. 


Diehl Manufacturing Co., A Sub. 

The Singer Manufacturing Co 
Doerr Electric Corp. 

Dow Corning Corp. 

Driver-Harris Co. 

Du Mont Laboratories, Inc., Allen 
du Pont de Nemours & Co. (Inc.), 

Fabrics Div. 

Film Dept. 
Durakool, Inc. 
Durez Plastics Div., Hooker Chemical 

Corp. 

Dykem Co., The 
Dynacor, Inc., A Sub. of Sprague 
Electric Co. 


ETA Products Co. of America 

ETC Incorporated 

Eagle Signal Co., A Div. of the Gamewall 
Co, 


Eaton Manufacturing Co., Dynamatic 


Div. 
Elastic Stop Nut Corp. of America 
Elco Tool and Screw Corp. 
Electrix Corp. 


Electronic Timers Co., A_ Div. 
P. R. Mallory & Co., Inc. 


Electro Products Laboratories 
Essex Wire Corp., 

Magnet Wire Div. 

Wire and Cable Div. 


Fansteel Metallurgical Corp 
Fasco Industries, Inc. 
Freed Transformer Co., Inc 


Friden Inc. 


G-V Controls, Inc. 

Gear Specialties, Inc 

General Electric Co. 
Apparatus Sales Div. 18 


, 196, 197, 262, 2 
Magnetic Materials Section 
Semiconductor Products Dept. 

Wire and Cable Dept 
General Industries Co., The 
General Instrument Corp., 

Semiconductor Div. 

Gries Reproducer Corp. 


Guardian Electric Manufacturing Co. 


Hardwick, Hindle, Inc. 
Hartwood Glass & Metals Co. 
Haydon Co., The A. W. 
Haydon Div. of General Time 
Corp. 
Heinemann Electric Co. 
Heinz Mueller Engineering Co., Inc. 
Heller Co., Gerald K. 
Hewlett-Packard Co. 30, 


Hooker Chemical Corp., Durez Plastics 
Div. . . 48 


Hoover Ball and Bearing Co. 53 
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Hughes Aircraft Co., 
Engineering Div. 
Semiconductor Div. 
Vacuum Tube Products Div. 
Hunter Spring Co., A Div. of American 
Machine and Metals, Inc. 
Huntington Alloy Products Div., The 
International Nickel Co., Inc. 
Hussey & Co., C. G. 
Range Co.) 


(Div. of Copper 


Hysol Corp. 


Ideal Industries, Inc. 

Indiana General Corp. 

Industrial Devices, Inc. 

Industrial Test Equipment Co. 
International Business Machines Corp. 


International Rectifier Corp. 


Jennings Radio Manufacturing Corp. 
Johns-Manville Dutch Brand Division 
Johnson Co., E. J. 


Jones Div., Howard B., Cinch Manufac 


turing Co., Div. of United-Carr Fas- 


tener Corp. 


Kanthal Corp., The 

Kendall Co., The, Polyken Sales Div. 
Kepco, Inc. 

Kester Solder Co. 

Klein & Sons, Mathias 

Krueger & Hudepohl, Inc. 


Lamb Electric Co., The, A Div. of 
American Machine and Metals, Inc. 


Lepel High Frequency Laboratories, 
Inc. 


Lovejoy Flexible Coupling Co. 


McGill Manufacturing Co., Inc., Electri 


cal Div. 
Magnecraft Electric Co. 
Magnetic Amplifiers, Inc. 
Magnetic Metals Co. 
Malayan Tin Bureau, The 
Mallory Controls Co., A Div. of P. R. 
Mallory & Co., Inc. 
Mansfield Brass & Aluminum Corp. 
Markel & Sons, L. 
Merkle-Korff Gear Co. 
Mesa Plastics Co. 
Methode Mfg. Corp. 


Microtran Co., Inc. 


Frank 


Midwest Molding and Manufacturing 
Co. 

Miller Co., The, Rolling Mill Div. 

Miniature Precision Bearings, Inc. 

Minneapolis-Honeywell, Rubicon In- 
struments 

Minnesota Mining and Manufacturing 
Co. 

Moore Inc., George W. 

Motoresearch Co. 


Mystik Adhesive Products, Inc. 
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National Band & Tag Co. 

National Carbon Co., Div. of Union 
Carbide Corp. 

National Lock Co., Industrial Hard- 
ware Div. 

National Lock Washer Co., The 

National Vulcanized Fibre Co. 

Natvar Corp. 

Naugatuck Chemical Div. of United 
States Rubber Co. 

New Departure Div. of General Motors 

New Hampshire Ball Bearings, Inc. 

New Jersey Porcelain Co. 

New Jersey Wood Finishing Co. 

Non-Linear Systems, Inc. 


North Electric Co., Electronetics Div. 


Ohmite Manufacturing Co. 


———— 
Paramount Paper Tube Corp. 


Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. tL Fs 2-2 
Phoenix Electric Manufacturing Co. 


Potter & Brumfield, Inc. Div. of Ameri- 
can Machine & Foundry Co. 


Precision Apparatus, Inc. 


Radio Frequency Laboratories, Inc. 

Raytheon Co. Commercial Apparatus 
and Systems Div. 

Reliance Electric and Engineering Co. 

Reichhold Chemicals, Inc. 

Riverside-Alloy Metal Div., H. K. 
Porter Co., Inc. 

Robbins & Myers, Inc. 

Roebling's Sons Div., John A., Electri- 
cal Wire Div., The Colorado Fuel and 
Iron Corp. 

Rogan Brothers 

Rolenoid, Inc. 


Royal Electric Corp., An Associate of 
ITT 


SKF Industries, Inc. 
Sangamo Electric Co. 
Sarkes Tarzian, Inc., Semiconductor 
Div. 18, 
Servospeed Div. of Electro 
Inc, 


Devices, 


Shakeproof Div. of Illinois Tool Works 

Sharon Steel Corp. 

Sherman Manufacturing Co., H. B. 

Sherwin-Williams Co., The, General 
Industrial Div. 

Smith Corp., A. O. 26, 


Sola Electric Co., A Div. of Basic 
Products Corp. 
Sorenson & Co., A Sub. of 
Raytheon Co. 
Spaulding Fibre Co., Inc. 
Spectrol Electronics Corp. 
Spiroid Div. of Illinois Tool Works 
Sprague Electric Co. 70, 180, 202, 
Square D Co. 
Stackpole Carbon Co. 179, 
Stahlin Brothers, Inc. 


that 
make a 
good tube 


GREAT! 
R. 


Amperex 


eis 


HIGH-SENSITIVITY BEAM POWER TUBE 


with these Amperex EXTRAS: 


Frequency 
DC Plate Voltage 750 
DC Grid No. 2 Voltage 160 
OC Grid No. 1 Voltage ~—62 
Peak RF Grid No. 1 Voitage 

DC Plate Current 

DC Grid No. 2 Current 

OC Grid No. 1 Current 

Driving Power 

Plate Dissipation 

Power Output 


e extra-rigid quality control 

e extra-reliable performance 

@ extra-long life 

e extra-rugged base construction 
e direct plug-in replacement 


TYPICAL RF OPERATION, CLASS C 


ICAS ICAS 
60 175 Mc 
400 volts 
190 volts 
—54 voits 
68 voits 

150 ma 

10.4 ma 
2.2 ma 
3.0 watts 
25 watts 
35 watts 


Efficiency 58 % 


! 
| 
| 
i 
! 
| 
L 


Other Amperex replacement favorites; | 


5894 High-sensitivity VHF/UHF twin tetrode; 
40 W anode dissipation 

6360 High-sensitivity VHF/UHF twin tetrode; 
14 W anode dissipation 

6939 Miniature UHF twin tetrode; 
5 W anode dissipation 

866AX Mercury vapor rectifier 


mad 


ask your distributor 
about extra-quality 


replacement tubes 


Amperex ELECTRONIC CORP. 


230 Duffy Avenue, Hicksville, L. |., N. Y. 
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Stepping devices from A. W. Haydon Co. can do wonderful things to pulses 
.. with pulses...and for pulses. For instance, one precision gated stepping 
switch acts as a pulse divider for a random or variable pulse source—or as 
a frequency divider if the pulse source is constant. Another works in con- 
junction with pulses, supplying single or multiple switch closures with an 
accuracy virtually equal to that of the pulse source itself. Still a third will 
count a predetermined number of pulses, rotate a stepper switch, return 
the counter to 000, and cut off the pulse source. @ The remote positioning 
device illustrated is but one of A. W. Haydon Company's fancy steppers. 
Here a precision gated stepper switch has been coupled to a synchro trans- 
former. Similarly, precise angular positioning of rotary components such as 
potentiometers, dials and indicators can be controlled. Based only on the 
number of pulses received (not incremental changes in voltage or phase 
angle), it will hold a set position whether power is on or off, and will home 
the synchro to the zero reference on demand—ready to accept another 
setting. @ All A. W. Haydon Co. stepper motors are all-electric—no ratchets, 
linkage, contacts or other mechanical crutches are used. Their power con- 
sumption is low, accuracy is extremely high. @ Send for technical brochure 
SP9-1 and find out more about pulse driven steppers and their application. 


e 
I _234 North Elm Street, Waterbury 20, Connecticut 
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Stalwart Rubber Co., The 

Stromberg-Carlson, A Div. of General 
Dynamics 

Struthers-Dunn, Inc. 

Switchcraft Inc. 


Sylvania Electric Products, Inc., Sub. of 
General Telephone & Electronics, 
Parts Div. 


Synthane Corp. 


Tensolite Insulated Wire Co., Inc 
Sub. of Carlisle Corp. 


Texas Instruments Incorporated, 
Metals & Controls Div., Spencer 
Products 
Semiconductor-Components Div. 


Thermal Centrels, Inc. 

Thompson Fiber Glass Co., H. I. 

Toledo Commutator Co. 312 
Torq Engineered Products, Inc. 280 
Torrington Manufacturing Co., The 307 
Transitron Electronic Corp. 60 


Tru Ohm Products Div. of Model 
Engineering & Manufacturing Inc. 284 


Tung-Sol Electric Inc. Inside Front Cover 


Unimax Switch Div., The W. L. Max- 
son Corp. 174 
Union Carbide Corp., National Carbon 
Co. Div. 231 
United Shoe Machinery Corp. 241 
U. S. Electrical Motors Inc, 
Inside Front Cover 


United States Graphite Co., The, Div. 
of The Wickes Corp. 170, 171, 239 
United States Rubber Co., Naugatuck 
Chemical Div. 


United Transformer Corp. 


Varflex Sales Co., Inc. 
Veeder-Root 


Vickers Inc., Div. of Sperry Rand Corp., 
Electric Products Div. 


Vulcan Electric Co. 


Wagner Electric Corp. 
Waldes Kohinoor, Inc. 
Ward Leonard Electric Co. 
Weller Electric Corp. 


West Virginia Pulp and Paper Co., 
Board Products Sales 


Wisconsin Porcelain Co. 


Zophar Mills, Inc. 


Other CONOVER-MAST Publications 


The Boating Industry 
Business/Commercial Aviation 
Construction Equipment 

Mill G Factory 

Purchasing 
Space/Aeronautics 

Volume Feeding Management 


Conover-Mast Purchasing Directory 
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Precision hand, pneumatic, or automatic 
tooling guarantees uniform and 
complete crimp for each connection 

~-a measurable quality control —at a 
high speed production rate. 
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SNAP-LOCK ..... 


} 
' 


Pins and sockets are easily and 
quickly snap-locked into plugs and 
receptacies. They may be removed 

with a simple extraction tool for 

circuit changes or checks, 


oe £ 0 6.6.49). 8 es 
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CONNECT ... only 3 points of contact 


The HYFEN method provides the minimum number 
of contacts—3—thereby reducing reliability “~ 
problems. Exceeds the requirements of “== 
MIL-C-5015C and MIL-C-8384A, 


H YF E N connectors 


with crimp-type snap-locked contacts 


BURNDY’s HYFEN method, already widely accepted in the 
industry, speeds the wiring of electronic harnesses and systems, 
and achieves greater dependability and versatility than has 
heretofore been possible. Crimp-type connections eliminate 
time-consuming solder operations and the disadvantages 

in the use of solder. 


For complete information, write: OMATON DIVISION 


SEE MORE AT IRE SHOW 
BOOTHS 1329-1331 


ACCEPTED! 
Hyfen Variations 


HYFEN types illustrated are typica 
of those already supplied to the 
industry by BURNDY. HYFEN 
connectors are engineered to meet 
specific requirements. For other 


types or sizes, contact BURNDY 


<* UF ol Fei 3] ¥ 


Norwalk, Connect. in Europe: Antwerp, Belgium 
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‘for Gyro Pick-Off 


The $G-17- and ST-17- type pancake synchros 


(S6-18- and ST-18- with housings) are our 
on aoe me on ee 
cations. 


ce os hn ions eae 


large quantity and are readily available for 
prototype breadboarding. The high accuracies 


shown onthe lf ar obtain standard 


Custom Designed Pancakes 
CPPC has developed a number of special pancakes (drawings 


Means have been devised to minimize error due to clamping 
pressures on these thin units. 


LL Pe oc Ce 


CLIFTON PRECISION PRODUCTS Co., INc. 
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